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ABSTRACT
A number o f  th y ro id  a u to a n tib o d y /a n tig e n  system s have p r e v io u s ly  
been d e s c r ib e d . Methods c u r r e n t ly  a v a i la b le  f o r  th e  d e te c t io n  o f 
th y ro id  a u to a n tib o d ie s  have in h e re n t  d is a d v a n ta g e s .  T h is  s tu d y  was 
d es ig n ed  to  t e s t  th e  a p p l ic a t io n  o f  two ty p e s  o f l a b e l l e d  an tib o d y  
te c h n iq u e s  to  th e  in v e s t ig a t io n  o f  th r e e  th y ro id  a u to a n tib o d y /a n tig e n  
sy s tem s .
A ra d io a s s a y  i s  d e s c r ib e d ,  in  which a u to a n t ib o d ie s  were tra p p e d  
by im m obilised  a n t ig e n ,  and d e te c te d  by ^ ^^ lo d in e  la b e l l e d  an ti-hum an  
IgG a n tis e ru m . The a s s a y  was a p p lie d  to  th e  d e te c t io n  o f  an ti-m ic ro so m a l 
a u to a n t ib o d ie s ,  b u t was su b se q u e n tly  abandoned because  o f  poor p r e c i s io n  
and d e t e r io r a t i o n  o f  th e  la b e l le d  a n tis e ru m .
An enzyme immunoassay was developed  and a p p l ie d  to  th e  d e te c t io n  
o f  a n t i - th y r o g lo b u l in  a u to a n t ib o d ie s .  T h is  method was shown to  be 
p r e c i s e ,  s p e c i f i c  and s e n s i t i v e ,  and to  c o r r e l a te  w ith  a  h ae m a g g lu tin -  
a t io n  m ethod.
The th y ro id  m icrosom al a n t ig e n ,  p re v io u s ly  p re p a re d  f o r  th e  
r a d io a s s a y ,  was exam ined u s in g  a  ch rom atog raph ic  p ro ced u re  m on ito red  
i n d i r e c t l y  by th e  enzyme im m uno-assay. T h is  s tu d y  showed th e  
co n ta m in a tio n  o f th e  m icrosom al p r e p a ra t io n  by th y r o g lo b u l in ,  and 
a llow ed  th e  p r e p a ra t io n  o f  m icrosom es f r e e  o f  th y ro g lo b u lin #
The developm ent o f  an enzyme immunoassay f o r  th e  d e te c t io n  o f  
th y ro id  hormone b in d in g  a u to a n t ib o d ie s  i s  d e s c r ib e d ,  to g e th e r  w ith  
th e  a p p l ic a t io n  o f th e  a s s a y  to  a  s tu d y  o f  th e  in c id e n c e  o f  such 
a n t ib o d ie s  in  th e  serum o f  p a t i e n t s  w ith  a  v a r i e ty  o f th y ro id  d i s o r d e r s .
A th y r o id  hormone u p tak e  method was u sed  f o r  com parison p u rp o se s .
No u n e q u iv o c a lly  p o s i t iv e  sam ples w ere en co u n te red  in  t h i s  s tu d y , 
a p a r t  from t h a t  u sed  to  e s t a b l i s h  th e  m ethodology.
In  some o f th e  ex p e rim e n ta l w ork, a  new au tom ated  enzyme 
immunoassay p ro c e s s o r  was u se d . A b r i e f  e v a lu a t io n  o f  t h i s  equipm ent 
i s  p re s e n te d .
The r e s u l t s  o f  th e  e x p e rim e n ta l work a re  d is c u s s e d  in  r e l a t i o n  
to  o th e r  r e p o r te d  f in d in g s .
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DEFINITIONS, ABBREVIATIONS AND CONVENTIONS
Autoimmune d is e a s e s  may be d e s c r ib e d  a s  th o se  in  w hich s t r u c t u r a l  
o r  f u n c t io n a l  damage i s  produced by th e  r e a c t io n  o f  im m unb log ica lly  
com petent c e l l s  o r  a n t ib o d ie s  w ith  norm al c o n s t i tu e n t s  o f  th e  body ( 1 ) .
The components o f  th e  hum oral autoimmune r e a c t io n  a re  th e  
a u to a n t ig e n s , th e  a n t ig e n s  n o rm ally  p re s e n t  and c h a r a c t e r i s t i c  o f  th e  
an im al (human o r  o th e rw ise )  in v o lv ed  in  th e  re s p o n se , and th e  
a u to a n t ib o d ie s , th e  a n t ib o d ie s  ca p a b le  o f  r e a c t in g  w ith  th e  a u to a n tig e n s ,
A h ap ten  i s  d e f in e d  a s  a  su b s ta n c e  which ( g e n e r a l ly  by v i r t u e  o f  
i t s  m o lecu la r s iz e )  i s  in c a p a b le  o f  i n i t i a t i n g  a  s p e c i f i c  immune 
re s p o n s e , b u t which may do so when combined w ith  a  su b s ta n c e  la rg e  
enough to  s t im u la te  th e  immune system . F o r th e  p u rp o ses  o f  t h i s  s tu d y ,
I  have d e f in e d  an a u to h a p te n  a s  a  norm al component o f  th e  bbdy w hich 
w i l l  n o t s t im u la te  a  s p e c i f i c  autoimmune resp o n se  by i t s e l f ,  b u t may 
do so i f  coupled  to  a  l a r g e r ,  immunogenic m o lecu le .
A b b re v ia tio n s  f o r  th e  th y ro id  hormones and r e l a t e d  compounds 
w i l l  fo llo w  th e  c o n v en tio n  su g g es ted  by H arin g to n  e t  a l .  ( 2 ) ;  ■
T-| ; 3* -  m onoiodothyronine
3 , 3* T2 
3 \  5 ’ T2
T3
rT^
%
MIT
3 , 3* -  d iio d o th y ro n in e
3*, 5* -  d iio d o th y ro n in e
3 , 5» 3* -  t r i io d o th y r o n in e
3 , 3 * t 5* -  t r i io d o th y r o n in e
3 , 5 , 3* , 5* -  te t r a io d o th y ro n in e  ( th y ro x in e )
3 -  m ono iodo ty rosine
DIT : 3 , 5 -  d i io d o ty ro s in e
o th er  a b b rev ia tio n s used are;
ASP
BSA
ELISA
HSA
%  
IRMA 
MCHA 
RIA 
TBG 
TBPA 
TG 
TGHA 
THBA 
TSH :
A n tise ru m /P e ro x id ase  c o n ju g a te  
Bovine serum album in 
Enzyme lin k e d  im m unosorbent a s s a y  
Human serum album in 
Im m unoglobulin (w ith  c l a s s  e .g .  IgG) 
Im m unoradiom etric a s s a y
M icrosom al a u to a n tib o d y  h a e m a g g lu tin a tio n  a s sa y  
Radioimm unoassay 
Thyroid-horm one b in d in g  g lo b u l in  
Thyroid-horm one b in d in g  p re -a lb u m in  
T h y ro g lo b u lin
T h y ro g lo b u lin  a u to a n tib o d y  h a e m a g g lu tin a tio n  a s s a y  
; T hyroid  hormone b in d in g  a u to a n tib o d y  
T h y ro tro p h in  (T hyro id  s t im u la t in g  hormone)
Less commonly used  a b b re v ia t io n s  w i l l  be e x p la in e d  in  th e  t e x t .
Serum and re a g e n t d i l u t i o n s  l e s s  th a n  1 :1 0 ,0 0 0  w i l l  be r e f e r r e d  
to  in  norm al decim al n o ta t io n  ( e g . 1 :$ 0 0 0 ). D ilu t io n s  o f  1 :1 0 ,0 0 0  o r  
g r e a t e r  w i l l  be r e f e r r e d  to  in  e x p o n e n t ia l  n o ta t io n  ( e g . 1 :$  x 1 0 ^ ).
CHAPTER I
LITERATURE REVIEW 
THYROID AUTOAWTIBODY/AWTIGEN SYSTEMS
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PREFACE
T his rev iew  o f  th e  l i t e r a t u r e  d e a ls  w ith  th e  c l i n i c a l ,  
p h y s io lo g ic a l  and te c h n ic a l  c irc u m sta n c e s  p e r t i n e n t  to  th e  s tu d y  to  
he u n d e r ta k e n . In  th e  m ain, in fo rm a tio n  o f  d i r e c t  re le v a n c e  to  th e  
s tu d y , w hich was p u b lish e d  up to  th e  d a te  a t  which t h i s  work was 
i n i t i a t e d  (1978) i s  rev iew ed  in  t h i s  s e c t io n .  In fo rm a tio n  p u b lish e d  
a f t e r  t h i s  d a te  i s  d e a l t w i t h  in  each s e c t io n  o f  e x p e rim e n ta l w ork , 
and in  th e  f i n a l  s e c t io n .
INTRODUCTION
T hyroid  d is e a s e  i s  one o f  th e  commonest e n d o c r in o lo g ic a l  
d i s o r d e r s  in  man. In  th e  l a s t  tw en ty  f iv e  y e a r s ,  th e  autoimmune 
n a tu re  o f  many th y ro id  d is e a s e s  h as  been  e s ta b l i s h e d ,  and s e v e ra l  
a u to a n tib o d y /a n tig e n  system s have been  i d e n t i f i e d .  The known th y ro id  
a u to a n tib o d y /a n tig e n  system s a re  d e s c r ib e d  in  t h i s  c h a p te r ,  w ith  
p a r t i c u l a r  em phasis on th e  system s in v e s t ig a te d  in  t h i s  s tu d y .
The methods used  in  th e  i n v e s t ig a t io n  o f th e  r e le v a n t  
a u to a n tib o d y /a n tig e n  system s a re  rev iew ed  in  summary o n ly  in  t h i s  
c h a p te r :  d e t a i l e d  d is c u s s io n  o f  th e  r e le v a n t  m eth o d o lo g ies  in
r e l a t i o n  to  th o se  u sed  in  th e  c u r r e n t  s tu d y  i s  g iv e n  in  subseq u en t 
c h a p te r s .
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a n t ib o d y /a n t ig e n  SYSTEMS IN AUTOBEfONE THYROID DISEASES
The p resen ce  o f  d i s c r e t e  and s p e c i f i c  a n t ib o d y /a n t ig e n  r e a c t io n s
in  autoimmune d is e a s e  o f  th e  th y ro id  has been  re c o g n ise d  s in c e  th e
\
i n i t i a l  work o f  R o i t t  and h is  c o l le a g u e s ,  on th e  autoimmune r e a c t io n s  
a g a in s t  th y ro g lo b u lin  (3)*
The a n t ig e n s  i d e n t i f i e d  in  a u to a n tib o d y  r e a c t io n s  in  th e  th y ro id  
may be sum m arised a s :
1) T h y ro g lo b u lin
2 ) M icrosom al a n t ig e n
3 ) Second c o l lo id  a n tig e n
4 ) C e ll  s u r fa c e  a n tig e n s
5 ) TSH r e c e p to r - r e l a t e d  a n t ig e n s
6) T hyro id  hormones (4 )
1 ) THYROGLOBULIN
a )  i  Plasm a LEVELS
C o n c e n tra tio n s  o f  th y ro g lo b u lin  may be d e te rm in ed  in iP lasm a'by
means o f  rad io im m unoassay . The methods a re  g e n e ra l ly  s e n s i t i v e  and
s p e c i f i c ,  th e  o n ly  marked in te r f e r e n c e  b e in g  from  th y ro g lo b u lin
a u to a n tib o d ie s  ( 3 ) .
T h y ro g lo b u lin  may be c o n s id e re d  a norm al s e c r e to r y  p ro d u c t o f
th e  th y ro id  g la n d , and i s  s e c r e te d  o n ly  by th y ro id  t i s s u e  ( 5 ) .
The c o n c e n tra t io n s  o f  th y ro g lo b u lin  d e te c te d  in  th e  plasm a o f
norm al in d iv id u a ls  a re  c o n s id e re d  to  be w ith in  th e  l i m i t  r e q u ir e d  to
m a in ta in  T c e l l  to le ra n c e  (6) in  th e  c e n t r a l  u n re sp o n s iv e n e ss  model
o f  immune to le ra n c e  (?)#
The range o f plasm a c o n c e n tr a t io n s  o f  th y r o g lo b u l in  i n  ;
e u th y ro id  human s u b je c t s  i s  a p p ro x im a te ly  2 - 2 0  ng/m l ( 5 ) .  ^
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E le v a te d  c o n c e n tra t io n s  o f  th y ro g lo b u lin  may be seen  in  th e  
plasm a o f  p a t i e n t s
a ) w ith  endemic g o i t r e
b ) w ith  su b acu te  t h y r o i d i t i s
c ) w ith  G raves’ d is e a s e
d) w ith  th y ro id  carcinom a (5)
in  th e  plasm a o f  p a t i e n t s
e )  a f t e r  th e ra p y
f )  a f t e r  thy ro id ec to m y  ( t r a n s i e n t ly )  (5)
and
g) in  th e  plasm a o f  p reg n an t women (4 )
Reduced c o n c e n tra t io n s  o f  th y ro g lo b u lin  may be seen  in  th e  plasm a
a) o f  h y p o th y ro id  p a t i e n t s
b )  o f  p a t i e n t s  t r e a t e d  w ith  th y ro id  hormones (5 )
Van E e r ie  e t  a l  (5) have su g g e s te d  t h a t  th e  v a r i a t io n  in  th y ro g lo b u lin  
c o n c e n tra t io n s  i s  in  most c a se s  a r e f l e c t i o n  o f  th e  r a t e  o f  m e ta b o lic  
tu rn o v e r  o f  th e  th y ro id  g la n d .
b ) moiegular structure
T h y ro g lo b u lin  c o n s t i tu te s  ap p ro x im ate ly  75^ o f  th e  mammalian 
th y ro id  p r o te in ,  a lth o u g h  t h i s  f ig u r e  may v a ry  w ith  f u n c t io n a l  s t a t u s  
o f  th e  g la n d  ( 8 ) .
The te rm  th y ro g lo b u lin  r e f e r s  s p e c i f i c a l l y  to  th e  io d in a te d  
p r o te in  w ith  a s e d im e n ta tio n  c o e f f i c i e n t  o f  198, and a m o lecu la r 
w eigh t o f ap p ro x im a te ly  660,000 d a l to n s  (9 , lO ) . 123 and 27S form s 
o f  th y ro g lo b u lin  have a ls o  been  observ ed  in  v i t r o  ( l l ,  1 2 ) .
Q uaternary  s t r u c tu r e
D esp ite  some e a r ly  c o n tro v e rsy  ov er th e  q u a te rn a ry  s t r u c t u r e  
o f th y ro g lo b u lin  (rev iew ed  in  I 3 ) ,  th e  m olecule  i s  c u r r e n t ly  th o u g h t
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t o  be a  d im er o f  300,000 d a l to n  s u b u n its  ( I 4 ) .
E le c tro n  m icroscopy  s tu d ie s  have su p p o rted  t h i s  s t r u c t u r e ,  
and have su g g es ted  an ovoid  o r  c y l in d r i c a l  shape f o r  th e  m olecu le  ( l5 )»  
Van d e r  W alt e t  a l .  ( l 6 ) ,  how ever, have r e c e n t ly  c a s t  doubt upon th e  
d im er h y p o th e s is ,  s u g g e s tin g  th a t  th é  12S su b u n its  may n o t be i d e n t i c a l .
lodoam inoacid  co m p o sitio n
T yrosine  r e s id u e s  have been e s tim a te d  to  c o n s t i t u t e  ap p ro x im a te ly  
2^0 o f  th e  amino a c id  com p o sitio n  o f  th y ro g lo b u lin  ( I 7 ) .  Of th e  110 
ty r o s in e  re s id u e s  p re s e n t  in  th y ro g lo b u lin  two t h i r d s  a re  th o u g h t to  
be on th e  s u rfa c e  o f  th e  m o lecu le . Up to  20 o f th e s e  a re  io d in a te d  
in  v iv o ,  g iv in g  r i s e  to  2 to  5 ho rm onally  a c t iv e  io d o th y ro n in e  r e s id u e s  
p e r  m olecu le o f th y ro g lo b u lin  ( 9 ) .  T h is  io d in a t io n  o ccu rs  in  th e  
f o l l i c u l a r  lumen by an o x id ise d  s p e c ie s  o f  io d in e ,  fo rm ing  m onoiodo- 
and d i io d o - ty r o s in e  r e s id u e s  in  th e  p r o te in  (1 3 ) . The io d o th y ro n in e s  
a re  form ed by o x id a tiv e  c o u p lin g  o f  th e  io d in a te d  ty r o s in e  r e s id u e s  (1 3 ) .  
I t  h a s  been  su g g es ted  t h a t  th e  t e r t i a r y  s t r u c tu r e  o f  th y ro g lo b u lin  
c o n fe rs  a  g r e a te r  e f f i c i e n c y  o f  t h i s  p ro c e s s  th a n  i s  seen  in  a r t i f i c i a l l y  
io d in a te d  p r o te in s  ( l 3 ) .
C arbohydra te  c o n te n t
The th y ro g lo b u lin  m olecu le i s  g ly c o sy la te d  by th e  a d d i t io n  o f  
a  p re v io u s ly  s y n th e s is e d  co re  ca rb o h y d ra te  c h a in , fo llo w ed  by a  p ro c e s s  
y e t  to  be e lu c id a te d ,  to  g iv e  th e  c a rb o h y d ra te  u n i t s  found in  th e  
m ature m olecule ( I 8 , I 9 ) .
S i a l i c  a c id  i s  added a s  th e  f i n a l  re s id u e  to  some o f  th e  
jc a rb o h y d ra te  c h a in s .  The I 9S th y ro g lo b u lin  m olecu le i s  r e p o r te d  to  
c o n ta in  23 s i a l i c  a c id  r e s id u e s  (2 0 ) .  I t  has been su g g es ted  (2 1 , 22) 
t h a t  th e se  re s id u e s  a re  n e c e s s a ry  f o r  th e  r e le a s e  o f  th y ro g lo b u lin  in to
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th e  f o l l i c u l a r  lum en, h u t  t h i s  has been  q u e s tio n e d  by o th e r  w orkers ( I 3 ) .
O ther Io d in a te d  p r o te in s
Two m ajor n o n - th y ro g lo b u lin  io d o p ro te in s  have been i s o l a t e d :
i )  a p r o te in  term ed iodoalbum in  o r  th y ro a lb u m in . T his may acco u n t 
f o r  up to  4^  o f  th e  th y ro id  io d in e ,  and may c o n s t i tu t e  o f  th e
t o t a l  p r o te in  c o n te n t o f  th e  th y r o id .  In  g o i t ro u s  and carc inom atous 
d is e a s e  o f  th e  th y r o id ,  th e  q u a n t i ty  o f  iodoalbum in  may in c re a s e  a t  
th e  expense o f  th y ro g lo b u lin  ( 23 ) .
i i )  a p r o te in  a s s o c ia te d  w ith  th e  n u c le a r  f r a c t i o n  in  se d im e n ta tio n  
s tu d ie s ,  b u t  n o t  a t ta c h e d  to  c e l l  n u c le i  ( 23 ) .  L i t t l e  i s  known o f  t h i s  
p r o te in .
C o n g en ita l d e f e c ts  o f  th y ro g lo b u lin  p ro d u c tio n
C o n g en ita l g o i t r e  has been  a s s o c ia te d  in  some c a se s  w ith  g e n e t ic  
d e fe c ts  le a d in g  to  anomolous p ro d u c tio n  o f  th y ro g lo b u lin ,  e i t h e r  
q u a n t i t a t iv e l y  o r  q u a l i t a t i v e l y  ( 24) .  The s u b s t i t u t i o n  o f  iodoalbum in  
f o r  th y ro g lo b u lin  as  th e  m ajor io d in a te d  p r o te in  has been  r e p o r te d  in  
g o i t r e  ( 25 , 26 ) and in  carcinom a o f th e  th y ro id  ( 26 ) .  Iodoalbum in  i s  r e p o r te d  
to  c o n ta in  MIT and DIT, b u t no horm onally  a c t iv e  io d o th y ro n in e s  
( ie  T4 and T3 ) ( 26 ) .
C) ANTIGENIC DETERMINANTS (EPITOPES)
The work o f  R o i t t ,  Campbell and D oniach ( 27 ) on th e  r e a c t io n  
o f  th y ro g lo b u lin  a u to a n tib o d ie s  w ith  t h e i r  a n t ig e n  su g g es ted  an a n tib o d y  
to  a n t ig e n  r a t i o  w hich v a r ie d  betw een 2 :1  and 4:1* S ince th e  m o lecu le  
c o n s is ts  o f  two s u b u n its ,  t h i s  su g g e s ts  two d i f f e r e n t  e p i to p ic  
s p e c i f i c i t i e s  (2 8 ) .  Shulman and W itebsky ( 29 ) have e s t im a te d  th a t  
th e  number o f  e p i to p e s  i s  s ix .
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H etero lo g o u s a n t i s e r a  r a i s e d  a g a in s t  th y ro g lo b u lin  have been  
shown to  r e a c t  w ith  an an tib o d y  to  a n t ig e n  r a t i o  o f  up to  40:1  (28 , 30) .  
A d d it io n a l ly ,  h e te ro lo g o u s  a n t ib o d ie s  r a i s e d  a g a in s t  th y ro g lo b u lin  
have been shown to  r e a c t  w ith  th y ro x in e  w ith  s u f f i c i e n t  a v i d i ty  to  
a llo w  t h e i r  u se  in  a radioim m unoassay f o r  t h i s  hormone ( 31 ) .  I t  was 
n o te d  by th e se  w orkers t h a t  p u r i f i e d  th y ro g lo b u lin  d id  n o t compete 
f o r  th e  th y ro x in e  b in d in g  s i t e s  on th e  a n tib o d y .
S tu d ie s  on d e g ra d a tio n  p ro d u c ts  o f  th y ro g lo b u lin  have y ie ld e d  
l i t t l e  f u r th e r  in fo rm a tio n  on th e  a n t ig e n ic  d e te rm in a n ts  o f  th y ro g lo b u lin  
( 32 , 35, 34)* S alabe (35) has su g g e s te d  th a t  th e  a u to -e p i to p e s  a re  
form ed by th e  fo ld in g  o f  th e  secondary  and t e r t i a r y  s t r u c t u r e ,  and a re  
masked by s i a l i c  a c id .
D) ANTI-THYHOGLOBÜLIN ATJTOANTIBODIES
A u to a n tib o d ie s  r e a c t in g  w ith  th y ro g lo b u lin  a re  a lm o st e x c lu s iv e ly  
o f  th e  IgG c l a s s .  They do n o t f i x  com plem ent, d e s p i te  th e  f a c t  t h a t  
over JCffo a re  found in  th o se  IgG s u b c la s s e s  known to  be e f f i c i e n t  in  
f ix i n g  com plement. The v ery  low autoimmune e p ito p e  d e n s i ty  on th e  
th y ro g lo b u lin  m olecu le  may e x p la in  t h i s  ( 36) ,  s in c e  a number o f  a n tib o d y  
m o lecu les must be in  c lo se  p ro x im ity  a f t e r  b in d in g  to  t h e i r  a n t ig e n  
in  o rd e r  to  a c t iv a t e  th e  complement system .
A n ti- th y ro g lo b u lin  a u to a n tib o d ie s  were f i r s t  d em o n stra ted  in  
th e  plasm a o f  p a t i e n t s  w ith  H ashim oto’s d is e a s e  ( 3 ) .  However, th e  
p resen ce  o f  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  i s  n o t s p e c i f i c  f o r  t h i s  
d is e a s e .  They may commonly be d e te c te d  in  p a t i e n t s  w ith  G rav es ' d is e a s e ,  
o th e r  th y ro id  d is o r d e r s ,  and o c c a s io n a l ly  in  a p p a re n tly  h e a l th y  s u b je c ts  
( 37 )* I t  has been  su g g es ted  th a t  th y ro g lo b u lin  a u to a n tib o d ie s  have 
l i t t l e  a e t i o lo g i c a l  s ig n if ic a n c e  in  H ash im o to 's  d is e a s e  (3 8 ) .
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M ethods o f  in v e s t ig a t io n  o f  a n t i —th y ro g lo b u lin  a u to a n t ib o d ie s
The methods used  most commonly f o r  th e  i n v e s t ig a t io n  o f  a n t i -  
th y ro g lo b u lin  a u to a n tib o d ie s  a re  summarised in  t a b le  I .
2 . MICROSOMAL ANTIGEN
In  1959 B e ly av in  and T r o t t e r  (44)» u s in g  th e  complement f i x a t i o n  
te c h n iq u e , d e te c te d  a u to a n t ib o d ie s  a g a in s t  a  d i s t i n c t  th y ro id  component 
o th e r  th a n  th y ro g lo b u l in .  On u l t r a c e n t r i f u g a t i o n ,  th e  a n t ig e n ic  
a c t i v i t y  was found to  be lo c a te d  in  th e  m icrosom al f r a c t i o n  (44)*
R o i t t  e t  a l .  ( 48 ) r e p o r te d  t h a t  th e  a n t ig e n  was composed o f  sm a ll,  
smooth s u r fa c e  v e s i c l e s .  The c i s t e r n a e ,  m ajor G olg i a p p a ra tu s ,  
ly so so m es, m ito ch o n d ria  and ribosom es d id  n o t c o n ta in  th e  a n t ig e n ic  
s i t e s  f o r  t h i s  a n tib o d y .
The m ic ro v e s ic le s  a re  90-I50nm  in  d ia m e te r  and a re  th o u g h t 
to  be d e r iv e d  from th e  g o lg i  com plex. They a re  c o n s id e re d  to  c o n ta in  
new ly s y n th e s is e d  th y ro g lo b u lin  in  t r a n s i t  to  th e  lumen v i a  th e  a p i c a l  
p lasm a membrane. U sing  im m unoflucrescen t s t a i n in g ,  th e  g r e a t e s t  
d e n s i ty  o f a n t ig e n ic  a c t i v i t y  i s  seen  to  be lo c a l i s e d  a t  th e  c o l lo id  
s u r fa c e  o f  th e  c e l l s  (4 6 ) .  F u r th e r  c h a r a c te r i s a t io n  o f  th e  a n t ig e n  
h as  been  hampered by d i f f i c u l t y  in  i s o l a t i o n  o f  th e  a n t ig e n  (4 6 )» and by 
co n ta m in a tio n  o f  th y ro id  m icrosom al p r e p a ra t io n s  w ith  th y ro g lo b u lin  
o r  th y ro g lo b u lin  e p i to p e s  (4 ) .
The o ccu rren ce  o f  m icrosom al a n t ig e n  in  th e  c i r c u l a t i o n  has  
n o t been  r e p o r te d .
AUTOANTIBODIES TO THE MICROSOMAL ANTIGEN
D oniach and B o ttazzo  (47) have su g g es ted  t h a t  th e  autoimmune 
e n d o c r in o p a th ie s  a re  c h a r a c te r i s e d  by th e  p resen ce  o f  a u to a n t ib o d ie s
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w hich r e a c t  w ith  in tra c y to p la s m ic ; membrane ! p r o te in s  lo c a l i s e d  in  th e  
m icrosom al f r a c t i o n .  The m icrosom al a n t ig e n s  may be s p e c i f i c a l l y  o f  
a s in g le  c e l l  ty p e , o r  th e  m icrosom es may be common to  a l l  th e  e p i t h e l i a l  
c e l l s  in  a p a r t i c u l a r  en d o crin e  g la n d .
T hyro id  m icrosom al a u to a n tib o d y  c o n c e n tra t io n s  c o r r e l a t e  b e t t e r  
th a n  th o se  o f  th y ro g lo b u lin  a u to a n tib o d ie s  w ith  c l i n i c a l  th y ro id  
d is e a s e  (4 8 ) .  I t  has been  su g g e s te d  t h a t  th e  t i s s u e  damage a s s o c ia te d  
w ith  autoimmune t h y r o i d i t i s  i s  caused  e i t h e r  i n d i r e c t l y  by th e  m icrosom al 
a n tib o d y  (o r  an a n tib o d y  to  a c lo s e ly  r e l a t e d  a n t ig e n ) ,  o r  d i r e c t l y  by 
a c y to to x ic  T c e l l  p o p u la tio n  w ith  th e  same s p e c i f i c i t y  (3 8 ) . In  g e n e ra l ,  
in  th e  c l i n i c a l  in v e s t ig a t io n  o f p a t i e n t s  w ith  su sp e c te d  autoimmune 
th y ro id  d is e a s e ,  i t  i s  a d v isa b le  to  m easure a u to a n tib o d ie s  to  b o th  
th y ro g lo b u lin  and th e  m icrosom al a n t ig e n ,  s in c e  th e y  a re  m arkers o f  
two e n t i r e l y  d i f f e r e n t  a n t ig e n /a n tib o d y  sy stem s, and v a ry  in d e p e n d e n tly  
o f each  o th e r  (4 ) .
Methods o f  in v e s t ig a t io n  o f  a u to a n tib o d ie s  to  th e  m icrosom al a n t ig e n
The m ost common methods u sed  f o r  the  in v e s t ig a t io n  o f  a u to -  
a n t ib o d ie s  to  th e  m icrosom al a n t ig e n  a re  summaried in  ta b le  I I .
3 . SECOND COLLOID ANTIGEN (CAo)
E vidence has su p p o rted  th e  p re sen ce  o f  a c o l lo id  a u to a n tig e n  
o th e r  th a n  th y ro g lo b u lin .  Im m unofluorescence u s in g  e th a n o l - f ix e d  
th y ro id  s e c t io n s  and serum from  c e r t a in  p a t i e n t s  w ith  H ashim oto’s 
t h y r o i d i t i s  o r  o th e r  autoimmune th y ro id  d is e a s e  has shown a c h a r a c t e r i s t i c  
d i f f u s e  o r  "ground g la s s "  p a t t e r n  o f  s t a i n in g  (3 7 , 39)* The s t a i n in g  
p e r s i s t s  when th e  t e s t  serum i s  p re -a d so rb e d  w ith  ex ce ss  th y ro g lo b u lin .
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T hyroid  a u to a n t ih o d ie s ( th y ro g lo b u lin  and m icrosom al) may he 
u n d e te c ta b le  by h a e m a g g lu tin a tio n  ( 5 I ) .  The a u to a n tig e n  in v o lv ed  in  
t h i s  r e a c t io n  does n o t c o n ta in  io d in e  ( 52) .  B a lfo u r  e t  a l .  (53 ) 
su g g e s te d  th a t  th e  a n t ig e n  m ight be a  th y ro id  p r o te a s e ,  b u t t h i s  was 
l a t e r  d isc o u n te d  (5 4 ) .  I t  has a l s o  been  su g g es ted  t h a t  th e  a n tib o d y  
m ight be a  th y r o g lo b u l in /a n t i th y r o g lo b u l in  com plex w ith  f r e e  a n t ig e n  
b in d in g  s i t e s  (55)*
The p re se n c e  o f  th e  second c o l lo id  a n t ig e n  in  th e  c i r c u l a t i o n  
h as  n o t been r e p o r te d .
AUTOANTIBODIES TO THE SECOND COLLOID ANTIGEN
The p re se n c e  o f  a u to a n t ib o d ie s  to  th e  second c o l lo id  a n t ig e n  
h as  been  r e p o r te d  in  th e  p lasm a o f  ap p ro x im a te ly  10^ o f  h e a l th y  
in d iv id u a l s ,  in  v a ry in g  numbers o f  H ash im o to 's  t h y r o i d i t i s  c a s e s ,
50^  o f  c a se s  o f  subacu te  (de Q u e rv a in s 's )  t h y r o i d i t i s ,  where th e s e  
a n t ib o d ie s  a re  seen  to  d is a p p e a r  a s  th e  d is e a s e  r e m i ts ,  and $0^ 
o f  th y ro to x ic  p a t i e n t s  ( 51 , 5 ^ ) .
The p a th o g e n ic  s ig n if ic a n c e  o f  a u to a n tib o d ie s  to  th e  second 
c o l lo id  a n t ig e n  i s  n o t known and t e s t s  f o r  them have no t found a 
p la c e  in  r o u t in e  c l i n i c a l  in v e s t ig a t io n s  ( 3 I)#
4 .  CELL SURFACE ANTIGEN
A th y r o id - s p e c i f i c  c e l l - s u r f a c e  a n t ig e n  h as  been i d e n t i f i e d  
by mixed h aem adso rp tion  and i n d i r e c t  im m unoflu roescence. The a n t ig e n  
i s  d i s t r i b u t e d  in  d i s c r e t e  a re a s  over th e  th y ro id  c e l l  su r fa c e  (5 7 , 58) 
The p re sen ce  o f  th e  c e l l  su r fa c e  a n t ig e n  in  th e  c i r c u l a t i o n  
h as  n o t been  r e p o r te d .
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AUTOAIFTIBODIES TO THE CELL SURFACE ANTIGEN
A n tib o d ie s  to  th e  c e l l  s u r fa c e  a n t ig e n  have been  o b serv ed  in  
^  o f  c a se s  o f  H ash im oto 's  t h y r o i d i t i s ,  TSfo o f  c a se s  o f  th y r o to x ic o s is ,  
54^ o f case s  o f  n o n - to x ic  g o i t r e ,  and 45^ o f  c a se s  w ith  co n n ec tiv e  
t i s s u e  d is o rd e r s  (57 , 5 8 ) .  The. s ig n if ic a n c e  o f t h i s  an tib o d y  i s  
unknown and i t s  in v e s t ig a t io n  has n o t found a p la c e  in  ro u t in e  c l i n i c a l  
p r a c t ic e  ( 5 l ) .
5 . TSH RECEPTOR-RELATED ANTIGENS
The TSH r e c e p to r - r e l a t e d  a n t ig e n /a n tib o d y  system  has a t t r a c t e d  
much s c i e n t i f i c  i n t e r e s t  r e c e n t ly .  However, s in c e  i t  i s  n o t o f  d i r e c t  
re le v a n c e  to  th e  c u r r e n t  s tu d y , and e x c e l le n t  rev iew s have r e c e n t ly  
been  p u b lish e d  (58 , 4 8 ) , th e  to p ic  w i l l  be rev iew ed  h e re  in  summary 
o n ly .
The a n t ig e n  h as  been  shown to  be th e  th y ro id  c e l l  s u r fa c e  TSH 
r e c e p to r ,  a g a n g lio s id e  w ith  c a rb o h y d ra te  m o lecu les in v o lv e d  in  th e  
d e te rm in a tio n  o f  i t s  s p e c i f i c i t y .
I t  has been  n o te d  t h a t  th e  c o n c e n tra t io n  o f  a u to a n tib o d y  to  
th e  TSH r e c e p to r - r e la t e d  a n t ig e n  r i s e s  t r a n s i e n t l y  a f t e r  1 3 1 l tre a tm e n t 
o r  th y ro id ec to m y , s u g g e s tin g  t h a t  d e s t r u c t io n  o f  th y ro id  t i s s u e  m ight 
produce an a n t ig e n ic  s t im u lu s .
AUTOANTIBODIES TO THE TSH RECEPTOR-RELATED ANTIGENS
Long a c t in g  th y ro id  s t im u la to r  (LATS) was f i r s t  d em o n stra ted  
as an anomolous s t im u la t in g  re sp o n se  in  th e  TSH b io a s s a y  sy stem . I t  
was seen  to  be a more e f f e c t iv e  s t im u la to r  th a n  TSH, p ro b ab ly  b ecau se  
o f  i t s  low er m e ta b o lic  c le a ra n c e  r a t e  th a n  th e  horm one. The a c t i v i t y  
was found to  be lo c a te d  in  th e  IgG f r a c t i o n  o f th e  serum p r o t e i n s .
LATS has been  o b serv ed  in  ap p ro x im a te ly  50^ o f  u n t r e a te d  c a se s  
o f  th y r o to x ic o s is ,  45^ o f p a t i e n t s  w ith  exophthalm os, and in  a l l  o f  
seven  p a t i e n t s  in v e s t ig a te d  w ith  p r é t i b i a l  myxoedema.
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LATS p r o te c to r  was found to  b lo c k  th e  th y ro id  e x t r a c t  
n e u t r a l i s a t i o n  o f  LATS a c t i v i t y  in  th e  mouse LATS b io a s s a y .  The LATS 
p r o te c to r  a c t i v i t y  was found to  be lo c a te d  in  th e  im m unoglobulin 
f r a c t i o n  o f  serum p r o te in s ,  and was su b se q u e n tly  found to  be a s p e c ie s  
s p e c i f i c  th y ro id  s t im u la t in g  a u to a n tib o d y .
A u to a n tib o d ie s  to  th e  TSH r e c e p to r - r e l a t e d  a n t ig e n s  have been  
in v e s t ig a te d  by means o f  b io a s s a y s  (38) and more r e c e n t ly  by r e c e p to r  
ra d io a s s a y s  (3 8 ) .
D oniach e t  a l  (48) have c l a s s i f i e d  TSH r e c e p to r - r e la t e d  a u to ­
a n t ib o d ie s  a s ;
( i )  th y ro id  hormone s t im u la t in g  a n t ib o d ie s  (T S I) , in c lu d in g  LATS 
and LATS p r o te c to r .
( i i )  th y ro id  g ro w th -s tim u la t in g  a n t ib o d ie s  (TG I), w hich may be 
m easured by b io a s s a y ,  and w hich do n o t c o r r e l a t e  w ith  TSI 
le v e ls  a s  m easured by r a d io l ig a n d  a s s a y s .
( i i i )  th y ro id  g ro w th -b lo ck in g  a n t ib o d ie s ,  w hich a re  p o s tu la te d  a s  
a c a u s a t iv e  a g en t o f  th e  p ro g re s s iv e  s h r in k in g  and lo s s  o f  
e p i th e liu m  seen  in  th e  th y ro id  g la n d  in  p rim ary  myxoedema, 
d e s p i te  e le v a te d  le v e ls  o f  TSH.
6. THYROID HORMONES
a ) SERUM LEVELS
In  r e c e n t  y e a rs  th y ro id  hormone ( th y ro x in e  (T4) and t r i i o d o -  
thyronine,^ (T3)) a ssa y s  have become th e  m ost im p o rta n t la b o ra to ry  t e s t s  
f o r  th e  e v a lu a tio n  o f  th y ro id  fu n c t io n  (3 9 ) .
Radioimmunoassay (RIA) i s  now th e  m ost w id e ly  u sed  te c h n iq u e  
f o r  th e  q u a n t i t a t io n  o f  T4 and T3, a lth o u g h  enzyme immunoassays have
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been  developed  (6 0 -6 4 ) . A v a r i e t y  o f  RIA te c h n iq u e s  have been a p p l ie d ,  
g e n e r a l ly  d i f f e r i n g  in  th e  m ethods o f  s e p a ra t io n  o f  f r e e  and a n t ib o d y -  
bound hormone (65 ) .
In  o rd e r  t h a t  th e  hormones may be m easured in  u n e x tra c te d  serum , 
t h e i r  b in d in g  to  th e  endogenous p r o te in s  ( th y ro id  hormone b in d in g  
g lo b u l in  (TBG), a lbum in and th y ro x in e  b in d in g  p rea lb u m in  (TBPA)) must 
f i r s t  be d is r u p te d .  T h is  may be accom plished  by h e a t  o r  p e p s in  
t r e a tm e n t o f  th e  serum (5 9 ) ,  o r  more u s u a l ly  by d isp la c e m e n t o f  th e  
hormones w ith  chem ica l a g e n ts  w hich a re  s t r u c t u r a l  an a lo g u es  o f  th e  
d ip h e n y l e th e r  p o r t io n  o f  th e  io d o th y ro n in e  m o lecu le . A lthough s a l i c y l a t e ,  
d ip h e n y lh y d a n to in  and m e r th io la te  have been  u sed  (5 9 , 6 6 ) ,  8 - a n i l in o  
n a p h th a le n e  su lp h o n ic  a c id  h as  proved  to  be th e  most e f f i c i e n t  compound 
f o r  t h i s  purpose (5 9 , 67 ) .  A lk a lin e  a s s a y  c o n d i t io n s  may a l s o  h e lp  
in  i n h i b i t i n g  endogenous p r o te in  b in d in g  o f  T4 and T3* Care must be 
ta k e n  to  c o n t ro l  th e  c o n c e n tra t io n s  o f  an tise ru m  and b lo c k in g  ag en t 
in  o rd e r  t h a t  th e  a n tise ru m  b in d in g  o f  T4 and T3 i s  n o t in h ib i t e d  (59)* 
O ther m ethods o f  rem oval o f T4 and T3 from TBG have been  d é n a tu ra t io n  
o f  th e  TBG and e x t r a c t io n  o f  th e  horm ones, u s in g  e th a n o l (6 8 ) ,  o r 
rem oval o f  th e  hormones from TBG by Sephadex G—I 5 ch rom atography  ( 6 9 ) .
There i s  g e n e ra l agreem ent t h a t  th e  mean c o n c e n tr a t io n  o f  
im m unoreactive th y ro x in e  in  serum from e u th y ro id  a d u l t s  in  th e  U n ite d  
Kingdom, i s  a p p ro x im a te ly  100 n m o l/l (59)*  The a d u l t  norm al range  
shows some p o p u la tio n  v a r i a t i o n .  In  t h i s  la b o ra to r y  i t  h as  been  
e s ta b l i s h e d  a t  60-145 n m o l/l
The norm al range  f o r  serum T3 c o n c e n tr a t io n s  in  t h i s  la b o r a to r y  
i s  1 .0  -  2 .7  n m o l/l .
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The c o n c e n tra t io n s  o f  T4 and T$ r e f l e c t  the  fu n c t io n a l  s t a tu s  
o f the  th y ro id  g land^ c o n se q u e n tly  th e  t o t a l  plasm a c o n c e n tra t io n s  
w i l l  u s u a l ly  be e le v a te d  in  h y p e r th y ro id  s t a t e s ,  and low ered in  hypo­
th y ro id  s t a t e s ,  i r r e s p e c t iv e  o f the  a e t io lo g y  o f th e  d is e a s e .  The 
s i t u a t i o n  may, how ever, be c o m p lica ted  when e le v a te d  o r reduced  
c o n c e n tra t io n s  o f TBG a re  e n c o u n te re d . In  th e se  s i t u a t i o n s ,  th e  t o t a l  
c o n c e n tra t io n  o f  T4 and T5 w i l l  be p h y s io lo g ic a l ly  a d ju s te d  to  r e s to r e  
th e  le v e l  o f th e  f r e e  hormones to  norm al (? 0 ) .
b ) MOI^CULAR st b u g t tjk s
The s t r u c tu r e s  o f  th y ro x in e  and tr io d o th y ro n in e  a r e :
HO CH£*CH-COOH
NH.
Thyroxine 
5^5j 5 ’ , 5 ’ t e t r a ­
io d o th y ro n in e
HO
T riio d o th y ro n in e  
5 j5 ï3 ' t r i i o d o ­
th y ro n in e
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T hyroxine was f i r s t  i s o l a t e d  from  th e  th y ro id  by K endall (7 l)*
The s t r u c t u r e  was th e n  de te rm in ed  by H arin g to n  (7 2 ) , and H arin g to n  
and B erg er (75)» T riio d o th y ro n in e  was l a t e r  i s o l a t e d  and c h a r a c te r i s e d  
by G ross and P i t t - R iv e r s  (74? 7 5 ) , and Roche, L is s i tz k y  and M ichel 
(7 6 , 77 ) .  5 , 5 ' d i io th y ro n in e  and 5 ' ,  5 ’ d iio d o th y ro n in e  a re  p r e s e n t
in  th e  c i r c u l a t i o n  (7 8 ) , as  b y -p ro d u c ts  o f  th e  io d in a t io n  o f th y ro g lo b u lin  
in  th e  th y ro id ;  th e y  have no s i g n i f i c a n t  b io lo g ic a l  a c t i v i t y  (7 8 ) .
5, 5 S  5 ’ t r i io d o th y r o n in e  ( re v e rs e  T 5 ,rT $) i s  p r e s e n t  in  th e  
c i r c u l a t i o n  m a in ly  as  a r e s u l t  o f  p e r ip h e r a l  m o node iodo ina tion  o f  T4 
(79 )» R everse  T3 has l i t t l e  horm onal a c t i v i t y  (59 , 7 8 ) , b u t  may be 
im p o rta n t in  t h a t  i t  r e f l e c t s  th e  c o n t ro l  o f  b io lo g ic a l  a c t i v i t y  o f  
th e  th y ro id  horm ones. I n t r a c e l l u l a r  rT3 may a c t  as  a c o n t r o l l i n g  
f a c t o r  in  T5 p ro d u c tio n  (59)* The s t r u c tu r e  o f r e v e r s e  T$ i s :
re v e r s e  T$
o -"^^^^CHârÇH-çooH 3*, 5 ' T riiodO '
 ^ I th y ro n in e
Jo rg en sen  e t  a l  (8O) su g g e s te d  th a t  th e  a c t i v i t i e s  o f  th e  
th y ro id  hormones a re  a fu n c tio n  b o th  o f t h e i r  o v e r a l l  shape and a l s o  
o f  - th e ir  in d iv id u a l  chem ical g ro u p s . The s u b s t i t u t i o n  in  T3 o f  an 
is o p ro p y l group f o r  th e  io d in e  atom in  p o s i t io n  3 ’ le d  to  c o n s id e ra b ly  
more b i o a c t i v i t y  th an  was o b served  w ith  the  n a tu r a l  hormone.
A model p o s tu la te d  by Jo rg en sen  e t  a l  (8O) in d ic a te d  th a t  th e  
ty r o s y l  p o r t io n  o f  th e  m olecule  a c t s  as a s t r u c t u r a l  r e c o g n i t io n  u n i t ,
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w hereas th e  p h e n o lic  p a r t  b in d s  to  a f u n c t io n a l  r e c e p to r  to  g e n e ra te  
th e  s p e c i f i c  b io lo g ic a l  e f f e c t s .
C leavage o f  th y ro id  hormones from  th y ro g lo b u lin
As s t a t e d  p re v io u s ly ,  h e te ro lo g o u s  a n t ib o d ie s  a g a in s t  th y ro ­
g lo b u l in  r e a c t  w ith  th y ro x in e  ( 31) .  T h is would su g g e s t t h a t  th e  
io d o th y ro n in e  r e s id u e s  p ro tru d e  from  th e  s u r fa c e  o f  th e  th y ro g lo b u lin  
m olecu le (5 ) .
A f te r  sm all p o r t io n s  o f  th e  c o l lo id  have been  in g e s te d  in to  
th e  f o l l i c u l a r  c e l l s  by m ic ro p in o c y to s is  o r  p h a g o c y to s is , th e  th y ro ­
g lo b u l in  i s  in c o rp o ra te d  in to  c o l lo id  d r o p le t s .  The th y ro g lo b u lin  i s  
th e n  d ig e s te d  in  secondary  lysosom es, by g lu ta th io n e  r e d u c t io n  o f  
d is u lp h id e  b r id g e s ,  fo llo w ed  by p r o te o ly s i s  (5 ) .  I t  i s  assumed t h a t  
th e  io d o th y ro n in e s  th e n  d i f f u s e  th ro u g h  th e  c e l l  and su b se q u e n tly  
in to  th e  e x t r a c e l l u l a r  space and in to  th e  b lo o d  s tream  ( 5 ) .
T ra n sp o rt o f  th e  th y ro id  hormones
Some c h a r a c t e r i s t i c s  o f  th e  th y ro id  hormone b in d in g  p r o te in s  
and th e  q u a n t i t a t iv e  p a ram ete rs  o f  th y ro id  hormone b in d in g  in t e r a c t io n s  
a re  shown in  ta b le  I I I  (70 , 8I ) .  In  g e n e ra l ,  each  b in d in g  p r o te in  
i s  th o u g h t to  have one b in d in g  s i t e  (8I ) .  TBPA and Albumin a re  
in v o lv ed  in  th e  b in d in g  and t r a n s p o r t  o f  o th e r  s u b s ta n c e s .  TBPA i s  
known to  be in v o lv e d  in  th e  t r a n s p o r t  o f  V itam in A by i t s  b in d in g  o f  
a secondary  b in d in g  p r o te in ,  term ed r e t i n o l  b in d in g  p r o te in .  The 
b in d in g  o f  r e t i n o l  b in d in g  p r o te in  by TBPA i s  n o t th o u g h t to  a f f e c t  
t h a t  o f  th e  th y ro id  hormones to  TBPA (8I ) .
A lthough th y ro id  hormone b in d in g  by th e  th y ro id  hormone 
b in d in g  p r o te in s  i s  a lm ost com p le te , l e s s  th a n  Vjo o f  album in and TBPA, 
and on ly  63^  o f  TBG a re  bound to  T4 and T3 under p h y s io lo g ic a l
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c o n d it io n s  ( S l ) .  The le v e l s  o f th e  th y ro id  hormone b in d in g  p r o te in s  
a re  m a in ta in e d  r e l a t i v e l y  c o n s ta n t  in  r e l a t i o n  to  th e  thy ro id .ho rm one 
l e v e l s ,  and fu n c t io n  la r g e ly  in  p re v e n tin g  th e  lo s s  o f  T4 and T$ v ia  
th e  l i v e r  and k id n e y s , r e g u la t in g  th e  r a t e  o f  d e l iv e r y  o f  f r e e  hormone 
to  i t s  t a r g e t  c e l l s ,  and b u f f e r in g  th e  e f f e c t s  o f  a l t e r a t i o n s  in  
p ro d u c tio n  and d is p o s a l  r a t e s  (70 ) .
A lthough th e  c o n c e n tra t io n s  o f th e  th y ro id  hormone b in d in g  
p r o te in s  may be a f f e c te d  by v a r io u s  f a c to r s  (see  ta b le  IV ), th e  l e v e l  
o f  f r e e  hormone i s  m a in ta in e d  c o n s ta n t  by th e  h y p o th a la m ic -p i tu i ta ry -  
th y ro id  feedback  system .
C) ANTIGENIC DETERIMARTS
Thyroxine and t r i io d o th y r o n in e ,  w ith  m o lecu la r  w eig h ts  o f  
777 and 65I  d a l to n s  r e s p e c t iv e ly  a re  n o rm ally  u n l ik e ly  to  be a n t ig e n ic  
(8 5 , 84 , 85 ) .  However, th e  work o f  h a n d s te in e r  (86) showed t h a t  
a n t ib o d ie s  may be r a i s e d  to  h ap ten s  co n ju g a te d  to  immunogenic c a r r i e r  
m o lecu le s . T h is p r in c ip le  has been  u sed  to  r a i s e  h e te ro lo g o u s  a n t i ­
b o d ie s  to  T4 and T$ coup led  in  v i t r o  to  human (65 ) and bov ine  (87 ) 
serum album in , p o ly - l - ly s in e  (8 8 ) , o r  as n a tu r a l  h ap ten s  on th e  
th y ro g lo b u lin  m olecu le  ( 31) .
The h a p te n  (T4 o r  T$) i s  coup led  to  amino o r  c a rb o x y l g roups 
o f  the  c a r r i e r  p r o te in ,  by p e p tid e  l in k a g e s .
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T able IV
F a c to rs  in f lu e n c in g  th y ro id  hormone b in d in g  p r o te in  c a p a c i t i e s  (70 , 82)
P ro te in In c re a se D ecrease
TBG P h y s io lo g ic a l  
pregnancy 
n e o n a ta l  l i f e
P a th o lo g ic a l
c h ro n ic  l i v e r  d is e a s e  ( r a r e )
o e s tro g e n  s e c r e t in g  tumour
a c u te  i n t e r m i t t e n t  p o rp h y ria
a c u te  h e p a t i t i s
hypo thy ro id ism
analbum inaem ia
g e n e t ic
ch ro n ic  l i v e r  d is e a s e  ( r a r e )  
a c t iv e  acrom egaly  
androgen s e c r e t in g  tumour 
n e p h ro tic  syndrome 
p r o te i n - c a l o r i e  m a ln u tr i t io n  
h y p e rth y ro id ism  
C ushings syndrome 
m ajor i l l n e s s  
a c id o s is
D russ
o e s tro g e n s i
j îo n tr a c e n t iv e  o i l l  
I  p h e n b th ia z in e s /, 
c i o f i b r a t e
a n a b o lic  s t e r o id s  
androgens
g lu c o c o r t ic o id s  (h ig h  dose)
p h en y to in
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s a l i c y l a t e
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H etero lo g o u s a n tib o d y  d is c r im in a t io n  betw een T4 and T5, as  t e s t e d  by 
c r o s s - r e a c t io n  s tu d ie s  in  RIA i s  g e n e ra l ly  e x c e l le n t ,  a llo w in g  th e  
a s sa y  o f  each  hormone in  th e  p re sen ce  o f  th e  o th e r  (59)* A ntibody
d is c r im in a t io n  o f  rT3 i s  n o t  a s  good, p ro b ab ly  because  o f  th e  s im i l a r i t y
betw een rT3 and T4 d i s t a l  to  th e  c o u p lin g  p o in t .  W ith th e  h ap ten s  
a t ta c h e d  to  th e  c a r r i e r  p r o te in  by a p e p tid e  l in k a g e ,  th e  io d in a te d  
p h e n o lic  f r a c t i o n  o f  th e  m olecu le  becomes th e  dom inating  a n t ig e n ic  
d e te rm in a n t.
D) HETEROLOGOUS ANTIBODIES REACTING WITH THE THYROID HORMONES 
E a r ly  work on th e  p re p a ra t io n  o f  h e te ro lo g o u s  a n t i s e r a  a g a in s t
th y ro x in e  was c a r r i e d  o u t by G lu tto n , H arin g to n  and Y u il l  (8 9 ) .
id iiodo thyronine
The a n t ig e n s  were p re p a re d  by c o n v e r t in g  ^  ~ ~ m eth y le s te r
to  N -c a rb o b en zy l-o x y d iio d o th y ro n y l a z id e ,  and c o u p lin g  t h i s  to  p r o te in  
to  g iv e  th y ro x in e  and DIT re s id u e s  a t ta c h e d  to  th e  p r o te in .  A ntiserum  
a g a in s t  th e  c o n ju g a te  was shown to  su p p ress  th e  a c t i v i t y  o f  a d m in is te re d  
th y ro g lo b u lin  in  e x p e rim e n ta l a n im a ls . S im ila r  r e s u l t s  were found 
w ith  a n t i - th y r o g lo b u l in  a n t ib o d ie s  (8 6 ) . The p h y s io lo g ic a l  e f f e c t s  
o f  T4 were a ls o  su p p resse d  a lth o u g h  th e  a u th o rs  c o n s id e re d  th a t  t h i s  
was because  i t  was n e c e ssa ry  f o r  th y ro x in e  to  be in c o rp o ra te d  in to  
th y ro g lo b u lin  to  be p h y s io lo g ic a l ly  a c t i v e .  However, ex p erim en ts  
showing s u p p re s s io n  o f  th e  e f f e c t s  o f  a s p i r i n  by an a n tis e ru m  a g a in s t  
an a s p i r i n /p r o t e i n  co n ju g a te  ten d ed  to  d is c o u n t t h i s  th e o ry  (8 6 ) .
H etero lo g o u s a n t ib o d ie s  a g a in s t  th y ro id  h o rm o n e /p ro te in  
c o n ju g a te s  a re  now commonly u sed  f o r  in  v i t r o  a s s a y s , p a r t i c u l a r l y  
RIA. In  g e n e ra l th e  p re p a ra t io n  o f  a n a l y t i c a l l y  u s e fu l  a n t i s e r a  
a g a in s t  T4 i s  d i f f i c u l t .  The d i f f i c u l t y  i s  g e n e ra l ly  a c c e p te d  to  
be due to  th e  r e l a t i v e l y  h ig h  le v e l s  o f  T4 in  th e  c i r c u l a t i o n  o f  th e  
an im als  u sed  f o r  a n tise ru m  p ro d u c tio n , and th e  h ig h  le v e l s  o f  th y r o id a l
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r e s e rv e s  o f  T4, a llo w in g  th e  s a tu r a t io n  o f  b in d in g  s i t e s  on th e  a n t i ­
b o d ie s  produced* D ia ly s is  o f  a n t i s e r a  to  remove bound h a p te n  has been  
u sed  to  improve t i t r e s ,  as  have T J l l  th y ro id  a b la t io n  p r io r  to  
im m un isa tion , and th e  a d m in is tr a t io n  o f  carb im azo le  d u rin g  im m unisation  
sch ed u le s  ( 90 ) .
Hehrman e t  a l  (91) s tu d ie d  th e  in  v ivo  e f f e c t s  in  r a t s  o f 
h e te ro lo g o u s  a n t ib o d ie s  a g a in s t  th y ro id  h o rm o n e /p ro te in  c o n ju g a te s .  
A f te r  im m un isa tion , i t  was found th a t  th e  c o n c e n tra t io n s  o f  e th a n o l 
e x t r a c te d  T4 and T5 were m arkedly  e le v a te d ,  a lth o u g h  th e  th y ro tro p h in  
le v e l  was unchanged, as  was th e  m e ta b o lic  r a t e ,  a s  m on ito red  by oxygen 
consum ption . The e le v a t io n  o f  th e  th y ro id  hormone c o n c e n tra t io n s  
c o r r e la te d  w ith  th e  t i t r e  o f  th e  a n tis e ru m  produced .
S c h u s s le r  e t  a l  (92) immunised r a b b i t s  w ith  a T3-gamma g lo b u l in  
co n ju g a te  to  examine th e  e f f e c t s  on th e  p h y sio lo g y  o f  th e  a n im a ls , and 
th e  e f f e c t s  o f  th e  a n t ib o d ie s  in  RIA f o r  T3* The an im als  ap p ea red  
to  be p h y s io lo g ic a l ly  norm al d e s p i te  g ro s s ly  e le v a te d  t o t a l  l e v e ls  
o f T3, b u t th e  T3 m easured in  u n e x tra c te d  serum by RIA was v e ry  low .
Ochi e t  a l  (93) d em o n stra ted  t h a t  h ig h  t i t r e  a n t ib o d ie s  r a i s e d  
in  r a b b i t s  a g a in s t  n a t iv e  th y ro g lo b u lin  d id  n o t b in d  th y ro id  hormones 
b u t t h a t  a n t ib o d ie s  to  n a t iv e  th y ro g lo b u lin  d e n a tu re d  by h e a t ,  a c id  
o r a l k a l i  t r e a tm e n t d id  show such b in d in g . I t  was concluded  th a t  
d é n a tu ra tio n  a llo w s th e  fo rm a tio n  o f  a n t ib o d ie s  r e a c t iv e  w ith  th e  
th y ro x y l s t r u c tu r e  as  a h a p te n . The d i f f e r e n c e s  betw een th e  r e s u l t s  , 
o f  Ochi e t  a l  (93) and th o se  o f  Chopra e t  a l  ( 31) may r e f l e c t  d i f f e r e n t  
a n t ig e n ic  d e te rm in a n ts  r e s p o n s ib le  f o r  h e te ro lo g o u s  and homologous 
re s p o n s e s ,  o r  may have been due to  p a r t i a l  d e g ra d a tio n  o f  th e  th y ro ­
g lo b u l in  immunogen u sed  by Chopra e t  a l .
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E) AIJTOANTIBODIES REACTING WITH THE THYROID HORMONES
In  1958 Robbins e t  a l  (94) r e p o r te d  a case  o f  T4 b in d in g  
by a gamma g lo b u l in .  S u b seq u en tly , a number o f  r e p o r t s  o f  th e  o ccu rren ce  
o f  th y ro id  hormone b in d in g  a n t ib o d ie s  (THBA) have been  p u b lish e d , and 
a re  sum m arised below .
CLINICAL SITUATIONS IN WHICH THBA HAVE BEEN OBSERVED
( i )  H ashim oto*s T h y r o id i t i s
A number o f  i s o l a t e d  c a se s  o f  H ashim oto’s t h y r o i d i t i s  w ith  
a u to a n tib o d ie s  r e a c t in g  w ith  T4 a n d /o r  T3 have been  r e p o r te d .  (84 , 95, 
95, 97, 9 8 ) . iPrGmachandrat e t  a l  (9.9) found th a t  in  a s tu d y  o f  f i f t e e n  
c a se s  o f  H ash im o to 's  t h y r o i d i t i s  s ix  showed ev id en ce  o f  gamma g lo b u l in  
b in d in g  o f  T4 . Dcekubo e t  a l  (95) r e p o r te d  one i s o l a t e d  p a t i e n t  w ith  
H ashim oto’s t h y r o i d i t i s  who showed ev idence  o f  THBA. On exam ining  
serum from  t h i r t y  seven f u r t h e r  p a t i e n t s  w ith  H ashim oto’s t h y r o i d i t i s  
th e y  found no f u r th e r  ev idence  o f  IgG b in d in g  o f T4 .
( i i )  G rav es’ D iseases
A number o f  c a se s  o f  G rav es’ d is e a s e ,  w ith  plasm a showing 
anom alous jb in d in g  o f  T4, have been  r e p o r te d  (9 2 , 97, 100, lO l ) .
( i i i )  Carcinoma o f  th e  T hyroid
One case  o f  th y ro id  carc inom a, w ith  gamma g lo b u l in  b in d in g  o f  
th y ro x in e , has been  r e p o r te d  (9 4 ) . The a u th o rs  o f  t h i s  p ap e r l a t e r  
su g g es ted  t h a t  t h i s  m ight be an a n t ib o d y /h a p te n  r e a c t io n  (IO2 ) .
( iv )  N odular G o itre
A case  o f  n o d u la r  g o i t r e ,  in  a p a t i e n t  t r e a t e d  w ith  th y ro x in e  
and d e s s ic c a te d  th y ro id  has been  re p o r te d  to  show a n tib o d y  b in d in g
o f  T5 (103 ) .
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(v )  Hyp 01 hyro id  i  sm
S ta e h e l i  e t  a l*  (101) found t h a t  o f  f o r ty  th r e e  c a se s  o f  p rim ary  
hypo th y ro id ism  exam ined, f iv e  were p o s i t iv e  f o r  T4 a n d /o r  T3 b in d in g  
a n tib o d ie s *  One case  o f  t r e a te d  seco n d ary  h y p o th y ro id ism  was p o s i t i v e ,  
o u t o f  n in e  c a se s  te s te d *  S ta e h e l i  e t  a l*  (101) a l s o  d e te c te d  THBA in  
th e  p lasm a o f two p a t i e n t s  t r e a t e d  w ith  d e s ic c a te d  th y ro id  (o u t o f  a  
t o t a l  o f  tw en ty  in v e s t ig a t e d ) .
One f u r th e r  i s o la te d  case  o f  h y p o th y ro id ism  w ith  a u to -a n tib o d y  
b in d in g  o f  T4 and T3 has been  r e p o r te d  ( 104) .
( v i )  H yperthy ro id ism
Hehrmann e t  a l .  (91) found th r e e  h y p e r th y ro id  p a t i e n t s  w ith  
ev id en ce  o f  T3 b in d in g  a u to a n t ib o d ie s ,  ou t o f  a  mixed sample o f  
two thou san d  fo u r  hundred  p a t i e n t s .
( v i i )  E u th y ro id ism
In  a  mixed sample o f  two th ousand  fo u r  hundred  p a t i e n t s  
in v e s t ig a te d  by  Hehrmann e t  a l .  (9 1 )» one c l i n i c a l l y  e u th y ro id  s u b je c t  
was found to  have a u to a n tib o d ie s  r e a c t in g  w ith  T3. Three e u th y ro id  
in d iv id u a ls  w ith  a u to a n tib o d ie s  r e a c t in g  w ith  T3 were d e te c te d  by 
B lanc e t  a l .  (IO 5 ) .  Glay to n -H o p k in s  e t  a l .  (IO6 , IO7 ) n o te d  th e  
o ccu rren c e  o f  IgG b in d in g  o f  T3 in  a  e u th y ro id  p a t i e n t .  Im a r is io  and 
Greco ( l0 7 a )  have re p o r te d  t h a t  Y g lo b u l in  from norm al human serum 
b in d s  th y ro id  horm ones.
BINDING CHARACTERISTICS
The b in d in g  c h a r a c t e r i s t i c s  o f  th y ro id  hormone b in d in g  a u to ­
a n t ib o d ie s  were d e te rm in ed  in  some c a s e s .  The r e s u l t s  a re  shown in  
t a b le  V. I t  may be seen  by com parison w ith  ta b le  I I I  t h a t  th e  a s s o c ia t io n  
c o n s ta n ts  o f  th e  a u to a n tib o d ie s  f o r  T4 and T3 a re  s l i g h t l y  low er th a n  
a re  th o se  f o r  TBG. C o n sid e rab le  v a r i a t i o n  in  th e  re p o r te d  b in d in g  
c a p a c i t i e s  i s  a p p a re n t .
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EFFECTS ON METABOLIC CLEARANCE RATE (MGR) OF T4 AND T5
S c h u ss le r  and Hov/ard ( 92 ) r e p o r te d  t h a t  in  r a b b i t s  immunised 
a g a in s t  a T 3 -p ro te in  c o n ju g a te ,  th e  plasm a h a l f - l i f e  o f  a d m in is te re d  
125i - T 3 was p ro lo n g ed  to  s ix  d ay s , compared w ith  a norm al v a lu e  o f  
f o u r te e n  h o u rs . N in e ty  to  100^ o f  th e  T$ was bound to  a n tib o d y . The 
r a t e  o f d isap p ea ran ce  o f  T51l-T4 was a ls o  re d u c e d , w ith  a lm o st com plete 
b in d in g  o f  T ^ l j  to  th e  a n ti-T 3  a n tib o d y  a t  l6S  h o u rs . The a u th o rs  
a c c r e d i te d  t h i s  to  in  v iv o  co n v e rs io n  o f  T4 to  T3 . Wu and Green (103 ) 
perform ed  in  v iv o  s tu d ie s  on a  p a t i e n t  w ith  n o d u la r  g o i t r e .  The 
MCRplasma f o r  T3 was found to  be 1 5 .8  l /d a y ,  fo llo w in g  a s in g le  dose 
i n j e c t i o n  o f  125l-T 3 and m o n ito r in g  serum r a d i o a c t i v i t y .  U sing  a method 
in v o lv in g  th e  u r in a r y  e x c re t io n  o f  th e  p ro d u c tio n  r a t e  o f  T3
was judged  to  be norm al a t  32.2  ) ig /d ay , and th e  MCRurine was I 6 .9  l / d a y .  
The a u th o rs  c o n s id e re d  th a t  th e  two MGR r e s u l t s  were in  c lo s e  agreem ent 
and were subnorm al. The T3 e x c re t io n  r a t e  (O .88I  p g /d a y )  was w ith in  
a norm al ran g e  d e r iv e d  from  te n  c o n t r o l s .  The a u th o rs  su g g e s te d  th a t  
th e  f r e e  hormone l e v e l  was p ro b ab ly  no rm al. C lay ton-H opkins e t  a l  (IO6 ) 
n o te d  a red u ced  m e tab o lic  c le a ra n c e  r a t e  f o r  T3 in  a e u th y ro id  p a t i e n t  
w ith  T3 b in d in g  a n t ib o d ie s .
CLINICAL SIGNIFICANCE
In  th e  m a jo r i ty  o f  r e p o r te d  c a se s  (84 , 85 , 91-105, 105, IO6 ) ,  
th e  p resen ce  o f  THBA d id  n o t  a f f e c t  th e  c l i n i c a l  s t a t u s  o f  th e  p a t i e n t .
In  an im al s tu d ie s ,  Hehrmann e t  a l  ( 91 ) showed t h a t  th e  m e ta b o lic  r a t e  
and th e  t h y r o i d / p i t u i t a r y  feed b ack  system  were norm al in  th e  p re sen ce  
o f  THBA, su g g e s tin g  t h a t  th e  le v e l  o f  f r e e  hormones was m a in ta in e d  w ith in  
norm al l i m i t s .  Prem achandra and B lum enthal (99) n o te d  t h a t  th e  TBG 
b in d in g  o f  T4 was more l a b i l e  th a n  t h a t  o f  th e  a n tib o d y . Prem achandra 
and B lum enthal (9 9 ) , and S ta e h a l i  e t  a l  ( lO l)  su g g es ted  t h a t  th e
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an tib o d y -b o u n d  hormone m ight c o n s t i tu te  a v e ry  la rg e  b u t u n a v a i la b le  
su p p ly  o f  hormone.
K a rlsso n  e t  a l  (104 ) c o n s id e re d  th a t  th e  le v e l s  o f  THBA found 
in  th e  p a t i e n t  t h a t  th e y  exam ined were c l i n i c a l l y  s i g n i f i c a n t .  I t  
was c o n s id e re d  t h a t  a r a p id  in c re a s e  in  T5 b in d in g  a n tib o d y  le v e l s  
w ith o u t a c o rre sp o n d in g  in c re a s e  in  hormone p ro d u c tio n  may have induced  
a h y p o th y ro id  s t a t e .  B lanc e t  a l  (105 ) ,  how ever, su g g es ted  th a t  th e  
THBA were n o t r e s p o n s ib le  f o r  i n a c t iv a t in g  T5 in  e i t h e r  t h e i r  p a t i e n t  
o r  th e  p a t i e n t  exam ined by K a rls so n  e t  a l  (104 ) .
T hyro id  hormone b in d in g  a u to a n tib o d ie s  i n t e r f e r e  in  radioim m uno­
a s sa y s  f o r  T4 and T3, g iv in g  r i s e  to  a r t i f a c t u a l l y  h ig h  o r  low r e s u l t s  
depending  on th e  system  used  to  s e p a ra te  an tib o d y  bound and f r e e  
a c t i v i t y  ( 84 , 9I ,  92 , 95 , 97 , 98 , 101 , IO3 , I 04 , 106 , 10? ) .
In  g e n e ra l methods u sed  to  s e p a ra te  a n tib o d y  bound and f r e e  
hormone in  radioim m unoassays may be d iv id e d  in to  two g ro u p s .
1 ) Methods s p e c i f i c a l l y  rem oving th e  a n a ly t i c a l  an tib o d y  from  th e  
r e a c t io n  s o lu t io n
(a )  S o lid  phase m ethods
(b) Double an tib o d y  methods
2 ) Methods u s in g  n o n - s p e c if ic  p r in c ip le s
(a )  A d so rp tio n  methods
( i )  C harcoa l 
( i i )  "R esin s"  (e g . Sephadex)
(b ) P r e c ip i t a t i o n  methods
( i )  P o ly e th y le n e  g ly c o l
( i i )  Ammonium su lp h a te
( i i i )  E th an o l
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The fim dam ental r e a c t io n  on which radioim m unoassay i s  b ased  
may be e x p re s se d  as  :
Ag Ag.Ab Ag
+ Ab ^  +
Ag* Ag*.Ab Ag*
where
Ag* = l a b e l l e d  a n t ig e n  ( l0 8 )
Ab = s p e c i f i c  a n tib o d y
Ag = a n t ig e n
In  th e  p re sen ce  o f  th y ro id  hormone b in d in g  a u to a n t ib o d ie s ,  
t h i s  e x p re s s io n  may be r e w r i t t e n :
Ag Abg Ag.Aba AgAb^ Ag
+ ^   + +
Ag* Abn Ag*Aba Ag*Ab^ Ag*
where
Aba = a n a l y t i c a l  a n tib o d y  (h e te ro lo g o u s )
Abn = a u to a n tib o d y
Ag* la b e l l e d  a n tig e n
Ag a n tig e n
I t  may be seen  th e r e f o r e ,  t h a t  in  th e  p re sen ce  o f  THBA a 
c e r t a in  amount o f th e  l a b e l l e d  a n t ig e n  (125i_T4 o r  125 l-T $) i s  n o t 
a v a i la b le  to  p a r t i c i p a t e  in  th e  a s s a y .  The c a p a c i ty  o f  th e  a u to a n t i ­
body may be such  th a t  a la rg e  p ro p o r tio n  o f  th e  l a b e l l e d  a n t ig e n  may 
be bound by i t .
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On u s in g  a s p e c i f i c  s e p a ra t io n  system  to  f i x  th e  a n a l y t i c a l  
an tih o d y -h o u n d  r a d i o a c t i v i t y ,  th e  m easured amount o f  r a d i o a c t i v i t y  
hound w i l l  he low in  th e  p re sen ce  o f  THBA, g iv in g  r i s e  to  an a r t i f i c i a l l y  
in c re a s e d  r e s u l t .
C o r re c t ly  o p tim ise d  n o n - s p e c if ic  s e p a ra t io n  system s o f  th e  
a b s o rp tio n  ty p e  w i l l  o n ly  adso rb  f r e e  a n t ig e n .  C ounting  t h i s  f r a c t i o n  • 
w i l l  th e re fo re  g iv e  a red u ced  number o f  co u n ts  in  th e  p re sen ce  o f  THBA 
(c o n v e rse ly , c o u n tin g  th e  bound f r a c t i o n  w i l l  g iv e  an in c re a s e d  number 
o f  c o u n ts ) .  Thus t h i s  s e p a ra t io n  system  w i l l  g iv e  a r t i f i c i a l l y  low 
r e s u l t s .
N o n -sp e c if ic  p r e c i p i t a t i o n  methods o f  s e p a ra t io n  r e l y  on th e  
p r e c i p i t a t i o n  o f  gamma g lo b u l in s ,  b u t  a re  n o t s p e c ie s  s p e c i f i c .  B oth 
th e  a n a l y t i c a l  and a u to -a n tib o d y  bound co u n ts  w i l l  th e re f o r e  be 
p r e c i p i t a t e d ,  g iv in g  in c re a s e d  co u n ts  in  th e  bound f r a c t i o n ,  r e s u l t i n g  
in  a r t i f i c i a l l y  low r e s u l t s .
A pparent T4 and T3 le v e l s  d e term ined  by RIA in  th e  p re sen ce  
o f  THBA may th e re fo re  be v e ry  h ig h  (9 7 , 98, 103, IO4 , 106) o r  low 
(84 , 91 , 95, 96 , 98 , 100, 105 , 106 ) .  In  some c a s e s ,  th e  l e v e l s  have 
been  too  h ig h  o r  low to  be m easured (84 , 91, 97, 100, IO4 , 105, IO6 ) .
ORIGIN OF THBA
S ince i t  i s  u n l ik e ly  t h a t  T4 and T3 a re  n o rm ally  im munogenic, 
th e y  must be c o n s id e re d  as a u to h a p te n s  in  t h i s  c o n te x t .  Most a u th o rs  
r e p o r t in g  o cc u rre n c e s  o f  THBAJiave su g g e s te d , e i t h e r  d i r e c t l y  o r  by 
in fe re n c e  t h a t  th e  c a r r i e r  p r o te in  to  w hich T4 a n d /o r  T3 a re  a t ta c h e d ,  
i s  th y ro g lo b u lin .
Robbins e t  a l  (IO2 ) su g g e s te d  th a t  th e  gamma g lo b u l in  b in d in g  
o f  th y ro x in e  m ight be an a n tib o d y -h a p te n  r e a c t io n ,  b u t  d id  n o t f in d  
ev idence  o f  s im i la r  b in d in g  in  a h ig h  t i t r e  a n t i - th y r o g lo b u l in  au to  
a n tis e ru m .
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A q u a l i t a t i v e  a s s o c ia t io n  betw een th e  o ccu rren ce  o f THBA and 
th y ro g lo b u lin  a u to a n tib o d ie s  has been  n o te d  (93 , 99, lO l ) ,  However, 
i t  has a ls o  been  r e p o r te d  t h a t  n o t a l l  th y ro g lo b u lin  autoimmune s e ra  
b in d  th y ro id  hormones (94 , lO l)  m oreover, some s e ra  p o s i t iv e  f o r  THBA. 
showed v e ry  low o r  u n d e te c ta b le  t i t r e s  o f  th y ro g lo b u lin  a u to a n tib o d ie s
(84 , 91, 95 , 99, 103 ) .
Prem achandra and B lum enthal (99) su g g es ted  t h a t  th e  phenomenon 
m ight r e s u l t  from  th e  b in d in g  o r  a d s o rp tio n  o f  T4 by a th y r o g lo b u l in /  
a u to a n t i th y ro g lo b u l in  com plex, b u t  concluded  th a t  t h i s  was u n l ik e ly  
because  o f  th e  la c k  o f  q u a n t i t a t iv e  c o r r e l a t i o n  betw een THBA and th y ro ­
g lo b u l in  a u to a n t ib o d ie s .  These a u th o rs  a ls o  su g g e s te d  t h a t  th e  re sp o n se  
m ight be t r ig g e r e d  by th e  r e le a s e  o f  abnorm al p r o te in s  from  th e  
th y ro id  (9 9 ) . However i t  i s  d i f f i c u l t  to  r e c o n c i le  t h i s  w ith  th e  
a b i l i t y  o f  th y ro g lo b u lin  to  i n h i b i t  th e  b in d in g  o f  T4 to  th e  a n tib o d y  
(93 , 9 9 ) .
The b in d in g  o f  th y ro id  hormones by h e te ro lo g o u s  a n t i - t h y r o -  
g lo b u l in  a n t ib o d ie s  has  been  n o te d  ( 31 ) .  However, Ochi e t  a l  (93) 
d em o n stra ted  t h a t  a t  l e a s t  p a r t i a l  d e g ra d a tio n  o f  n a t iv e  th y ro g lo b u lin  
immunogen was n e c e ssa ry  to  induce th y ro id  hormone b in d in g  by th e  a n t i ­
serum . The d é n a tu ra tio n  o f  th y ro g lo b u lin ,  w ith  consequen t a l t e r a t i o n  
o f  t e r t i a r y  s t r u c tu r e  was a ls o  su g g e s te d  as  a t r i g g e r in g  r e a c t io n  by 
Herrmann e t  a l  (84 ) .  Hesch (85) has r e p o r te d  t h a t  a n t i - th y r o g lo b u l in  
a u to a n tib o d ie s  were n o t r e s p o n s ib le  f o r  th e  a n tib o d y  b in d in g  o f  th y ro id  
horm ones.
S ta e h e l i  e t  a l  ( lO l)  and Wu and Green (IO 5 ) found THBA p o s i t i v e  
sam ples from  p a t i e n t s  t r e a te d  w ith  d e s ic c a te d  th y ro id  p r e p a r a t io n s .
The p a r t i a l  a b s o rp tio n  o f  in c o m p le te ly  d ig e s te d  th y ro g lo b u lin  frag m en ts  
may g iv e  r i s e  to  a n t ib o d ie s  to  th o se  fra g m e n ts . A n tib o d ie s  a g a in s t
40
such  th y ro g lo b u lin  frag m en ts  m ight re c o g n ise  th e  th y ro id  hormones 
a s  h a p te n s . A s im i la r  mechanism has been  su g g es ted  f o r  th e  g e n e ra tio n  
o f  a n t ib o d ie s  to  m ilk  p ro te in s  (109) .
METHODS OF INVESTIGATION
A number o f  d i f f e r e n t  m ethods have been  a p p lie d  to  th e  
i n v e s t ig a t io n  o f  th y ro id  hormone b in d in g  a u to a n t ib o d ie s :
1 ) E le c tro p h o re s is  p lu s  r a d io a c t iv e  scan n in g  o r  a u to ra d io g ra p h y
(a )  p ap e r
(b ) c e l lu lo s e  a c e ta te
(c )  r e v e r s e d  flow
(d) acry lam id e
(e )  Agar and ag a ro se
2 ) Column chrom atography (Sephadex-G200)
5 ) S a l t in g  o u t o f  im m unoglobulins
4 ) Radioimmunoassay
(a )  non s p e c i f i c  s e p a ra t io n  system
(b) s p e c i f i c  s e p a ra t io n  system
5 ) Radioimmunoassay fo llo w in g  e th a n o l e x t r a c t io n  o f  serum
6) T hyroid  hormone u p tak e  s tu d ie s  fo llo w in g  ammonium su lp h a te  
p r e p ip i t a t i o n
7 ) Im m unoelec tropho resis  a u to ra d io g ra p h y
8) T hyroid  hormone u p tak e  s tu d ie s  w ith
(a )  n o n - s p e c if ic  s e p a ra t io n  system
(b) s p e c i f i c  s e p a ra t io n  system
9 ) F ree  T4 and T3 a s s a y s ,  u s in g  e q u i l ib r iu m  d ia l y s i s
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1) E le c tro p h o re s is  (84 , 93 , 94 , 97 , 99 , 103, 106)
The serum i s  p re - in c u b a te d  w ith  r a d io - l a b e l l e d  hormone and 
th e n  undergoes e l e c t r o p h o r e s i s .  The e le c t r o p h o r e s is  medium i s  th e n  
scanned  f o r  r a d i o a c t i v i t y  o r  a u to ra d io g ra p h e d , and th e  r e s u l t s  r e l a t e d  
to  an i d e n t i c a l  e le c tro p h o re s e d  sam ple, s ta in e d  f o r  p r o te in s .  The 
method i s  n o n -q u a n t i ta t iv e  and n o n - s p e c if ic  in  term s o f  im m unoglobulin 
b in d in g  o f  th e  horm ones. Wu and Green (103 ) d em o n stra ted , u s in g  
p ap er e l e c t r o p h o r e s i s ,  th e  b in d in g  o f  T$ to  a g lo b u l in  m ig ra tin g  in  
th e  r e g io n  o f  th e  b e ta  g lo b u l in .  U sing column chrom atography and 
s p e c i f i c  Fab p r e c i p i t a t i o n ,  th e  b in d in g  was su b se q u e n tly  shown to  be 
a s s o c ia te d  w ith  an im m unoglobulin .
2 ) Column Chrom atography (95 , 97, 103, IO4 )
A f te r  p re in c u b a tin g  serum w ith  r a d io la b e l le d  T4 a n d /o r  T$, 
th e  serum p r o te in s  a re  s e p a ra te d  by chrom atography on Sephadex G-200.
The p r o te in  c o n te n t o f  each  f r a c t i o n  e lu te d  from  th e  column i s  d e te rm in ed  
to g e th e r  w ith  i t s  r a d i o a c t i v i t y  c o n te n t .  T his method i s  n e i th e r  
q u a n t i t a t iv e  n o r s p e c i f i c  f o r  im m unoglobulins. A lso i t  w i l l  n o t 
n e c e s s a r i ly  prove t h a t  p r o te in  b in d in g  o f  a su b s tan ce  has o c c u rre d .
3 ) S a l t in g  o u t o f Im m unoglobulins (103)
U sing  sodium s u lp h a te  p r e c i p i t a t i o n  fo llo w ed  by D EA E-cellu lose 
chrom atography on a serum sample p re in c u b a te d  w ith  r a d io io d in e - l a b e l l e d  
th y ro id  hormone, an a s s o c ia t io n  o f  th e  la b e l l e d  hormone w ith  gamma 
g lo b u l in  may be e s ta b l i s h e d .  The method i s ,  how ever, n o n - q u a n t i ta t iv e .
4 ) Radioimmunoassay ( 84 , 95, 96, 97, 98, 100, IO3-IO 6 )
The o ccu rren ce  o f  abnorm al r e s u l t s  in  th e  radioim m unoassay o f  
th y ro id  hormones in  th e  p re sen ce  o f  THBA has a lre a d y  been  d is c u s s e d .
T his te ch n iq u e  i s  u s e fu l  in  i t s  a p p l ic a t io n  to* S catchard j a n a ly s i s  to  
d e term ine  th e  b in d in g  c h a r a c t e r i s t i c s  o f  THBA (84 , 93, 95, 97 , 98, 101,
103, 104).
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5) Radioimm unoassay fo llo w in g  e th a n o l e x t r a c t io n  o f  th e  serum
(91 , 97 , 98 , 103 , 105 )
T his method may be u sed  to  d e term ine  th e  t o t a l  serum le v e l s  
o f  th e  th y ro id  horm ones. However, knowledge o f  such le v e ls  may n o t 
be c l i n i c a l l y  u s e f u l  s in c e  th e  b in d in g  o f  th e  hormone ( to  TBG o r  
a u to a n tib o d y )  may re n d e r  th e  m a jo r i ty  o f  i t  i n a c t iv e .  T his method may 
how ever, be u s e fu l  in  c o n firm in g  th e  p resen ce  o f  abnorm al b in d in g  i f  
anomalous radioim m unoassay r e s u l t s  a re  o b ta in e d  on u n e x tra c te d  serum .
6) T hyro id  hormone u p tak e  s tu d ie s  fo llo w in g  ammonium s u lp h a te  
p r e c i p i t a t i o n  o f  th e  serum ( lO l)
S ta e h e l i  e t  a l  ( lO l)  u sed  ammonium su lp h a te  p r e c i p i t a t i o n  o f 
gamma g lo b u l in s  to  d i s s o c ia te  th e  a n tib o d y -a n tig e n  bond, a llo w in g  th e  
assessm en t o f  f r e e  an tib o d y  l e v e l s .  D esp ite  ev idence  th a t  ammonium 
s u lp h a te  tre a tm e n t e f f e c t i v e l y  removed bound T4 and T$ from  th e  a n tib o d y , 
i t  sh o u ld  be n o te d  t h a t  Wu and Green ( 103 ) u sed  th e  same c o n c e n tr a t io n  
o f  ammonium s u lp h a te  to  p r e c i p i t a t e  a n t ib o d y -a n tig e n  complex i n t a c t .
T his method has  been  u sed  in  radioim m unoassay as a n o n - s p e c if ic  
s e p a ra t io n  sy stem , as  s t a t e d  p re v io u s ly .
7 ) Im m unoelec tropho resis  and A u to rad iog raphy  (IO5 )
T his method has been  u sed  to  l o c a l i s e  s p e c i f i c a l l y  th o se  G c la s s  
im m unoglobulins t h a t  b in d  th y ro id  horm ones. The u se  o f  s p e c i f i c  
a n t i s e r a  su g g e s te d  in  one p a t i e n t  t h a t  th e  b in d in g  p r o te in  was a 
m onoclonal IgG (A )  im m unoglobulin (105) .
8) T hyro id  hormone up tak e  s tu d ie s  ( 9I ,  95 , 97, 98, 105, IO4 , IO6 , IO7 )
These a s sa y  system s approx im ate  to  rad io -im m unoassay  m ethods 
w ith o u t th e  a d d i t io n  o f  th e  a n a l y t i c a l  a n tib o d y . Thus th e  methods 
m on ito r th e  n o n - s p e c if ic  b in d in g  o f  norm al sam ples, o r  th e  a u to a n tib o d y  
b in d in g  in  p o s i t iv e  sam ples.
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Both n o n - s p e c if ic  (91 , 95, 97, 98, 105, 104, 107) and s p e c i f i c  
(95 , 103 , 106) s e p a ra t io n  system s have been  u se d . The l a t t e r  method 
was u sed  to  d em o n stra te  t h a t  was hound to  IgG (95 , IO6 ) and
im m unoglobulin (103 ) in  th e  plasm a u nder in v e s t ig a t io n .
9 ) F ree  th y ro id  hormone a s sa y s  (84 )
Herrmann e t  a l  (84 ) u s in g  an e q u ilib r iu m  d i a ly s i s  method 
e s t im a te d  th e  f r e e  T4 f r a c t i o n  in  a p o s i t iv e  sample a s  0 . 016% o f 
t o t a l  T4, and th e  f r e e  T3 f r a c t i o n  as  0.175/^ o f  t o t a l  T3. (Normal 
ra n g e s : T4 0 .017  -  0 .0 3 0 ^  T3 O.15O -  0 .2 6 0 ^ ) . The method i s  u s e f u l  
to  a s s e s s  th e  t r u e  b io c h em ic a l th y r o id a l  s t a t u s  o f  th e  p a t i e n t ,  b u t 
does n o t dem o n stra te  th e  p re sen ce  o f  th y ro id  hormone b in d in g  a u to ­
a n t ib o d ie s .
The th y ro id  hormone u p tak e  t e s t s  a re  th e  m ost u s e f u l  o f  th e  
r e p o r te d  methods f o r  th e  d e te c t io n  and in v e s t ig a t io n  o f  th y ro id  hormone 
b in d in g  a u to a n t ib o d ie s .  The n o n - s p e c if ic  s e p a ra t io n  methods p e rm it 
r a p id  s e m i-q u a n t i ta t iv e  s c re e n in g  o f  la rg e  numbers o f  sam ples, and 
s p e c i f i c  s e p a ra t io n  m ethods ( f o r  in s ta n c e  w ith  h e te ro lo g o u s  an ti-hum an  
IgG, A and M a n t i s e r a ) ,  p e rm it th e  c o n firm a tio n  o f  a n tib o d y  b in d in g , and 
a llo w  q u a n t i t a t iv e  a n a ly s is  o f  th e  r e a c t io n  and c ro s s  r e a c t i v i t y  s tu d ie s .
A ty p i c a l  ex p e rim e n ta l p ro ced u re  f o r  th e  method c o n s i s t s  o f  
in c u b a tin g  d i lu te d  p a t i e n t  o r  c o n tro l  serum , ANS a t  an a p p ro p r ia te  
d i l u t i o n  ( to  b lo c k  TBG b in d in g  o f  th y ro id  horm one), and t r a c e r
o r  T25j -T 3. A f te r  a s u i ta b le  in c u b a tio n  p e r io d ,  th e  s e p a r a t io n  
ag en t i s  added (c h a rc o a l ,  PEG, (NH^)280^, o r  h e te ro lo g o u s  a n ti-h u m a n -Ig  
a n t is e ru m ) . A f te r  a f u r th e r  in c u b a tio n ,  i f  n e c e s s a ry , th e  sam ples a re  
c e n t r i f u g e d ,  and th e  bound f r a c t i o n  coun ted  in  a gam m a-counter. The 
p e rc e n ta g e  o f  th e  t o t a l  r a d i o a c t i v i t y  bound i s  c a lc u la te d  and compared
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w ith  t h a t  v a lu e  o b ta in e d  f o r  a  c o n t ro l  serum . A range o f  r e s u l t s  may be 
e s ta b l i s h e d  f o r  norm al s u b je c t s ,  and p o s i t iv e  sam ples would be ex p ec ted  
to  show b in d in g  le v e l s  above t h i s  norm al ra n g e .
OBJECTIVES OF CURRENT STUDY
The o ccu rren ce  o f  a u to a n t ib o d ie s  to  a  v a r i e t y  o f  a n t ig e n s  h as  
been  r e p o r te d  in  a  wide range o f  c l i n i c a l  th y ro id  d i s e a s e s .  Many 
m ethods have been a p p lie d  to  th e  i n v e s t ig a t io n  o f  th y ro id  a u to a n t i ­
b o d ie s ,  b u t th e  a p p l ic a t io n  o f  l a b e l le d  a n tib o d y  te c h n iq u e s  has n o t 
p r e v io u s ly  been  exam ined. A s tu d y  was th e r e f o r e  u n d e rta k e n  in to  th e  
a p p l i c a t io n  o f  r a d io la b e l le d  and enzyme la b e l le d  a n tib o d y  m ethods to  
th y r o id  a u to a n tib o d y  in v e s t ig a t io n s ,  w ith  p a r t i c u l a r  r e fe re n c e  to  
a u to a n t ib o d ie s  r e a c t iv e  a g a in s t  th e  m icrosom al a n t ig e n ,  th y r o g lo b u l in ,  
th y ro x in e  and t r i io d o th y r o n in e .
The s tu d y  was e f f e c te d  a s  fo llo w s :
( i )  E xam ination  o f  th e  e f f ic a c y  o f  a  r a d io la b e l le d  a n tib o d y  method 
in  th e  in v e s t ig a t io n  o f  a u to a n t ib o d ie s  d i r e c te d  a g a in s t  th e  m icrosom al 
a n t ig e n .
( i i )  The a p p l ic a t io n  o f  th e  enzyme l in k e d  immunosorbent a s s a y  (ELISA) 
te c h n iq u e  to  th e  in v e s t ig a t io n  o f  a n t i —th y ro g lo b u lin  a u to a n t ib o d ie s .
( i i i )  The a p p l ic a t io n  o f  th e  ELISA te c h n iq u e  to  th e  in v e s t ig a t io n  o f  
THBA.
An in v e s t ig a t io n  was a ls o  perfo rm ed  on th e  p u r i f i c a t i o n  o f  
th y ro id  microsom es by chrom atography , m on ito red  by th e  ELISA sy stem . 
A d d i t io n a l ly ,  a  b r i e f  e v a lu a t io n  o f  an au tom ated  ELISA p ro c e s s o r  i s  
p r e s e n te d .
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CHAPTER I I
STUDIES ON A RADIOASSAY FOR THE 
DETECTION OF ANTI-THYROID MICROSOME 
AUTOANTIBODIES
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INTRODUCTION
RADIOASSAYS IN THE INVESTIGATION OF THYROID AUTOANTIBODIES
Four ty p e s  o f  ra d io a s s a y s  have been re p o r te d  f o r  th e  d e te c t io n  
o f  th y ro id  a u to a n t ib o d ie s .
1« C o - p r e c ip i ta t io n  (n o n -c o m p e tit iv e )  ra d io a s s a y  (36 , 39 , 110-114)
2. C om petitive  ra d io a s s a y  (4 2 , 115, 1 l6 )
3 . R ecep to r ra d io a s s a y  (117 , 118 )
4» Two s i t e  ra d io a s s a y  (43)
1 . C o - p r e c ip i ta t io n  ra d io a s s a y
The c o - p r e c i p i t a t io n  m ethod, developed  i n i t i a l l y  by R o it t  
and Doniach (39) f o r  th e  d e te c t io n  o f a n t i - th y r o g lo b u l in  a u to a n t ib o d ie s ,  
has been su b se q u e n tly  used  by a  number o f  w orkers fo r  t h i s  purpose 
( 3 6 , 110-114) ,  and has a ls o  been a p p lie d  to  th e  s tu d y  o f  THBA ( 9 I ,  95,
97, 9 8 , 103 , 104 , 106 , 107) as d is c u s se d  in  C h ap te r 1.
In  summary th e  method c o n s i s t s  o f  in c u b a tin g  t e s t  serum w ith  
r a d io la b e l le d  a n t ig e n ,  and p r e c i p i t a t i n g  any r e s u l t a n t  a u to ­
a n t ib o d y /a n t ig e n  complex by a  s p e c i f i c  a n tise ru m  ( 3 6 , 39 , 95 , 103,
106 , 110-114) o r  by n o n - s p e c if ic  p r e c i p i t a n t  ( 9 I ,  95, 97, 98, 103,
104 , 107) .  The amount o f  p r e c i p i t a t e d  a n t ig e n ,  de te rm in ed  by gamma 
r a d ia t io n  c o u n tin g , i s  p ro p o r t io n a l  to  th e  amount o f  a n tib o d y  in  th e  
sam ple, p ro v id in g  th a t  th e  la b e l le d  a n tig e n  i s  in  e x c e s s ,
T h y ro g lo b u lin  may be r e l a t i v e l y  e a s i l y  and re p ro d u c ib ly  
p rep a red  and l a b e l le d  w ith  *^^5lodine, "^ 25j  l a b e l le d  th y ro id  hormones 
a re  a v a i la b le  com m erc ia lly . The a s s a y  i s  s im p le ; r e s u l t s  a r e  sem i- 
q u a n t i t a t i v e ,  b ased  on th e  amount o f  a n t ig e n  bound. R a d io lo g ic a l  
damage to  th e  a n t ig e n  may in tro d u c e  u n r e l i a b i l i t y  in to  t h i s  e s t im a te  (43).
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2 , C om petitive  ra d io a s s a y
K ris s  and h i s  c o lle a g u e s  ( 4 2 , I I 5 , I I 6 ) have developed  
c o m p e tit iv e  ra d io a s s a y s  f o r  th e  d e te c t io n  o f  a n ti-m ic ro so m a l and 
a n t i - th y r o g lo b u l in  a u to a n tib o d ie s *  The a n t ig e n  i s  im m obilised  on 
p o ly v in y l  m ic r o t i t r e  p la te  w e l l s ,  and r e a c te d  w ith  s ta n d a rd  o r  t e s t  
serum , in  c o m p e titio n  w ith  r a d io - l a b e l l e d  a u to a n tib o d ie s  l a b e l le d
im m unoglobulins from a  h ig h  t i t r e  an ti-m ic ro so m a l o r  a n t i - th y r o g lo b u l in  
a u to a n tis e ru m ) . A f te r  th e  r e a c t io n ,  th e  w e lls  a re  c u t o u t o f  th e  p la te  
and su b m itte d  to  gamma r a d ia t io n  c o u n tin g .
The p ro ced u re  i s  analogous to  s o l id  phase radioim m unoassay (1 1 9 ) | 
e x c e p t t h a t  l a b e l le d  a n tib o d y  i s  u sed  a s  th e  t r a c e r  r e a g e n t ,  and
a n t ig e n  i s  im m obilised  and i s  th e  l im i t in g  f a c t o r .
D esp ite  th e  s u g g e s tio n  by  Mori e t  a l .  (4 2 , 115) t h a t  th e  
c o m p e tit iv e  r a d io a s s a y  i s  s p e c i f i c ,  p r e c i s e ,  s e n s i t i v e  and q u a n t i t a t i v e ,  
i t  has n o t found wide a c c e p ta n c e , p o s s ib ly  because o f  th e  d i f f i c u l t y  
in  re p ro d u c ib ly  p re p a r in g  la b e l le d  a u to a n tib o d ie s  o f  s u f f i c i e n t l y  
h ig h  t i t r e  and s p e c i f i c i t y .  L a b e lle d  a u to a n tib o d y  o f  i d e n t i c a l  
s p e c i f i c i t y  to  th e  a u to a n tib o d y  u n d er in v e s t ig a t io n  and pu re  a n t ig e n  
p r e p a r a t io n s  a re  p r e - r e q u i s i t e s  f o r  t h i s  m ethod, in  o rd e r  to  av o id  
c ro s s  r e a c t io n s .  A lthough th e  a u th o rs  s t a t e d  t h a t  th e y  were a b le  
to  c a l i b r a t e  t h e i r  a s s a y s ,  i n t e r l a b o r a to r y  s ta n d a r d i s a t io n  and com parison  
o f  r e s u l t s  m ight prove d i f f i c u l t .
3 .  R ecep to r ra d io a s s a y s
Smith and H a ll  ( I I 7 ) ,  and M ukhtar e t  a l .  ( I I 8 ) have d ev eloped  
a s s a y s  f o r  a u to a n tib o d ie s  a g a in s t  th e  TSH r e c e p to r - r e l a t e d  a n t ig e n .  The 
method u se s  th e  c o m p e tit iv e  r e a c t io n  o f  r a d io la b e l le d  TSH and t e s t  a u to -  
a n t ib o d ie s  w ith  a  p re p a ra t io n  o f  th y ro id  c e l l  membranes. The method i s  
s e n s i t i v e  and e a s i e r  to  perform  th a n  th e  b io a ss a y s  p r e v io u s ly  a v a i la b le  (3 8 ) .
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4* T w o-site  r a d io a s s a y
A method has been  d e s c r ib e d  by Leonard e t  a l .  (43) in  w hich 
a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  in  th e  t e s t  sam ple a re  tra p p e d  by 
th y ro g lo b u lin  im m obilised  on p l a s t i c  t e s t  tu b e s ,  and a re  su b se q u e n tly  
r e a c te d  w ith  r a d io l a b e l le d  th y ro g lo b u lin .  The amount o f  I - th y r o ­
g lo b u l in  bound, b ased  on coun t r a t e ,  i s  d i r e c t l y  p ro p o r t io n a l  to  th e  
amount o f a u to a n tib o d y  ifa th e  t e s t  sample (p ro y id ed  th a t  th e  im m obilised  
th y ro g lo b u lin  and I - th y r o g lo b u l in  a re  in  ex cess  w ith  r e s p e c t  to  th e  
a u to a n tib o d ie s ) .
The a u th o rs  su g g e s t t h a t  t h i s  approach  o b y ia te s  th e  
req u ire m en t o f  method 1 f o r  pure  th y ro g lo b u lin  f o r  l a b e l l i n g .  The 
tw o -s i te  a s s a y  i s  s e m i- q u a n t i ta t iv e ,  r e s u l t s  b e in g  e x p re sse d  in  te rm s 
o f th y ro g lo b u lin  b in d in g , w hich i s  s im i la r  to  method 1 .
Kumar e t  a l .  ( l2 0 )  have r e c e n t ly  r e p o r te d  a s im i la r  m ethod, 
in  which r e s u l t s  were ex p re sse d  as  th e  r a t i o  o f  sam ple co u n ts  to  
th o se  o b ta in e d  from  a n e g a t iv e  c o n t ro l  serum .
RADIOLABELLED ANTIBODY ASSAYS
R e c e n tly  Nineham e t  a l .  ( l 2 l )  have d e s c r ib e d  a s o l id  phase 
ra d io a s s a y  f o r  IgG and Ig M 'a n t ig lo b u lin s .  The te c h n iq u e  c o n s i s t s  
o f  th e  b in d in g  o f  a n t ig lo b u l in s  to  p l a s t i c  tu b e s  c o a te d  w ith  r a b b i t  
im m unoglobulins, and r e a c t in g  t h i s  complex w ith  r a d io l a b e l l e d  a n t i ­
human IgG o r  IgM a n tis e ru m . The amount o f  r a d i o a c t i v i t y  bound to  th e  
tu b e s  i s  th en  p ro p o r t io n a l  to  th e  amount o f  a u to a n tib o d y  p r e s e n t ,  
p ro v id in g  th a t  th e  a n t ig e n  and la b e l l e d  a n t ib o d ie s  a re  in  e x c e s s .
T his te ch n iq u e  has some s i m i l a r i t i e s  to  th e  tw o - s i te  
im m unoradiom etrie a ssa y  (IRMA) te ch n iq u e  f o r  th e  q u a n t i ta t io n  o f
49
a n t ig e n s  ( l2 2 )  which o f f e r s  two m ajor b e n e f i t s  ( l 23 , 124 , 125)
i )  S p e c i f i c i t y :  An a n t ig e n  must be bound s im u lta n e o u s ly  to  two
a n t ib o d ie s  w ith  d i f f e r e n t  e p i to p ic  s p e c i f i c i t i e s ,  in  o rd e r  to  be 
d e te c te d .  Thus in te r f e r e n c e  from  c lo s e ly  r e l a t e d  su b s ta n c e s , 
d e g ra d a tio n  p ro d u c ts  and n o n - s p e c if ic  f a c to r s  may be red u ce d .
i i )  S e n s i t i v i t y :  However sm a ll th e  amount o f  a n t ig e n  p re s e n t  in  th e
t e s t  sam ple, an amount o f  l a b e l l e d  a n tib o d y  may be in tro d u c e d  in to  
th e  system  such th a t  some o f th e  a n tib o d y  w i l l  r e a c t  w ith  th e  a n t ig e n  
to  g iv e  a m easurab le  re s p o n s e , a lth o u g h  t h i s  i s  c o n d i t io n a l  upon th e  
s p e c i f i c  a c t i v i t y  and amount o f  th e  l a b e l le d  a n tib o d y  added . The u se  
o f  im m obilised  a n t ib o d ie s  may a ls o  in c re a s e  s e n s i t i v i t y  by f a c i l i t a t i n g  
c o n c e n tra t io n  o f  th e  a n t ig e n  from  a la rg e  sam ple.
I t  was c o n s id e re d  t h a t  th e  method d e sc r ib e d  by Nineham, 
e t  a l .  ( l2 0 )  m ight be a p p lie d  to  th e  a ssa y  o f  th y ro id  a u to a n t ib o d ie s .
The a ssa y  would c o n s i s t ,  in  summary, o f  c o a t in g  p l a s t i c  tu b e s  w ith  
a n t ig e n ,  r e a c t in g  t e s t  serum w ith  th e  im m obilised  a n t ig e n ,  and r e a c t in g  
any r e s u l t a n t  complex w ith  r a d io l a b e l le d  an ti-hum an  IgG a n tis e ru m .
B ecause o f  th e  s i m i l a r i t i e s  o f  t h i s  p ro ced u re  to  th e  tw o - s i te  immuno­
radiom e t r i e  a s s a y , i t  was c o n s id e re d  th a t  th e  a ssa y  sho u ld  d em o n stra te  
th e  same b e n e f i t s  o f s p e c i f i c i t y  and s e n s i t i v i t y  a s  a re  seen  in  th e  
tw o - s i te  IRIvüA m ethod.
50
MATERIALS
CHEMICALS:
The fo llo w in g  were o b ta in e d  from BDH C hem icals L t d . ,
Dagenham,
E ssex .
Chem ical
A c e tic  a c id  
Ammonium su lp h a te  
B a rb ito n e  
B a rb ito n e  sodium 
Chloram ine T 
E th an e lam ine 
G lycine
H y d ro ch lo ric  a c id  (0.1M)
P o tassiu m  c h lo r id e
P o tass iu m  d ihydrogen
o rth o p h o sp h a te  (anhydrous)
Sodium a c e ta te
Sodium a s id e
Sodium c a rb o n a te  (anhydrous)
Sodium c h lo r id e
Sodium hydrogen c a rb o n a te
di-Sodium  hydrogen o rth o p h o sp h a te  
d ih y d ra te
Sodium m e ta b is u lp h ite
T h iom ersal
Grade C ata logue  No
ConvoL I 8056IP
AnalaR 10033
GPR 27282
GPR 27283
GPR 27670
AnalaR 10325
AnalaR 10119
ConvoL I 8007IP
GPR 29594
AnalaR 10203
AnalaR 10236
AnalaR 10369
AnalaR 10240
AnalaR . 10241
AnalaR 10247
AnalaR 10249
A nalaR ' 10356
GPR 30416
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T he f o l l o w i n g  w e r e  o b t a i n e d  from P h a r m a c ia  ( G .B . )  L im it e d
H o u n s lo w ,
M i d d l e s e x ,
M a t e r i a l  C a t a l o g u e  H o ,
Sephadex G-75 I 7-OO5O-OI
C H B r - a c t iv a t e d  S e p h a r o s e  4^  1 7 - 0 4 3 0 - 0 1
The fo llo w in g  w e r e  o b t a i n e d  fr o m  G u i ld h a y  A n t i s e r a ,
U n i v e r s i t y  o f  S u r r e y ,
G u i l d f o r d ,
S u r r e y ,
S h e e p  a n t i - w h o l e  hum an se r u m  a n t i s e r u m .
S h e e p  a n t i - h u m a n  a lb u m in  a n t i s e r u m .
Sheep a n t i - h u m a n  Im m unoglobulin G a n tis e ru m .
S h e e p  a n t i - h u m a n  I m m u n o g lo b u lin  A a n t i s e r u m .
S h e e p  a n t i - h u m a n  I m m u n o g lo b u lin  M a n t i s e r u m .
T he fo llo w in g  w e r e  o b t a i n e d  fr o m  t h e  s u p p l i e r s  s h o w n .
M a t e r i a l  S u p p lie r  C a t a l o g u e  Ho,
B o v in e  Serum A lb u m in  A rm our P h a r m a c e u t i c a l  C o . L t d . ,
F r a c t i o n  V fr o m  E a s t b o u r n e ,
Bovine P la s m a  (B SA ) S u s s e x ,
I o d i n e -125  A m ersham  I n t e r n a t i o n a l  L t d . ,  I M S ,3 0
Am ersh a m ,
B uckingham shire .
R a b b it  an ti-hum an  M e r c ia  B rocades L t d . , A O9O
I m m u n o g lo b u lin  G W e y b r id g e ,
s p e c i f i c  f o r  T c h a i n s  S u r r e y .
( f o r  I 2 5 l  l a b e l l i n g )
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REAGENTS
B u f f e r s
A n um ber o f  b u f f e r s  o f  s i m i l a r  c o n s t i t u t i o n  w e r e  u s e d  i n  t h e  
w o r k  p r e s e n t e d  i n  t h i s  c h a p t e r .  I n  o r d e r  t o  a v o i d  c o n f u s i o n ,  t h e  
b u f f e r s  u s e d  w i l l  b e  r e f e r r e d  t o  a s  b u f f e r s  1 t o  11 a s  d e s c r i b e d  b e lo w ,
B u f f e r  1 ,  B a r b i t o n e  b u f f e r  pH 8 , 6 ,  O .05M
B u f f e r  2 ,  B a r b i t o n e  b u f f e r  pH 8 . 6 ,  O .O5M, + 10^  BSA
p r e p a r e d  f r e s h l y  f o r  u s e .
B u f f e r  3 ,  B a r b i t o n e  b u f f e r  pH 8 , 6 , O .O5M, +  0 , 5 ^  BSA 
p r e p a r e d  f r e s h l y  e a c h  w e e k .
B u f f e r  4»  B a r b i t o n e  b u f f e r  pH 8 . 6 , 0 .0 6 M
B u f f e r  5 ,  P h o s p h a t e  b u f f e r  pH 7 . 4 , O .5M
B u ffe r  6 , Phosphate  b u f f e r  pH 7*4, O.O5M
B u ffe r  7* B ic a rb o n a te /c a rb o n a te  b u f f e r ,  pH 9*6, O.O5M
B u f f e r  8 , P h o s p h a t e  b u f f e r e d  s a l i n e ,  ( P B S ) ,  pH 7*4, O.O5M phosphate
0 , 15M sodium c h lo r id e  
B u ffe r  9* B ic a rb o n a te  b u f f e r  pH 8 ,3 ,  0.1M, + 0.5M NaCl.
B u f f e r  1 0 ,  A c e t a t e  b u f f e r  pH 4 * 0 ,  0 .1 M , +  O .5M N a C l.
B u f f e r  1 1 .  G l y c i n e / n C l  b u f f e r ,  pH 2 . 5 ,  0 .1 H  g ly c in e ,  +  O .5M N a C l.  
O t h e r  re a g e n ts
S a l i n e  (p h y s io lo g ic a l  s a l i n e ) ,  0 . 9 ^  s o d iu m  c h l o r i d e  
0 . 9^  s o d iu m  c h l o r i d e  +  0 . 5 ^  BSA 
p r e p a r e d  f r e s h ly  e a c h  w e e k
O . I 5M s o d iu m  c h l o r i d e
0 .1  5M P o t a s s iu m  c h l o r i d e  
1 M E t h a n o la m in e  i n  b u f f e r  9
0 .0 0 1 H  (im M ) H y d r o c h l o r i c  a c i d  
C h lo r a m in e  T ^mg/ml
p r e p a r e d  im m e d i a t e ly  p r i o r  t o  u s e
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S o d iù m  m e t a b i s u l p h i t e , 2 .5 m g /m l
p re p a re d  im m ed ia te ly  p r io r  to  u s e .
S a t u r a t e d  ammonium s u l p h a t e
H a e m a g g l u t i n a t i o n  a s s a y s
A n ti- th y ro g lo b u l in  and a n ti-m ic ro so m a l a u to a n tib o d y  haem­
a g g lu t in a t io n  t i t r e s  were d e te rm in ed  u s in g  Thymune-T ( th y ro g lo b u lin )  
and Thymune-M (m icrosom al) t e s t  k i t s ,  a v a i la b le  from
W e llc o m e  R e a g e n t s  L t d . ,
303 H ith e r  Green Lane,
London. S .E .13  
The a ssa y s  were perform ed by th e  s t a f f  o f  th e  M icrob io logy  
D epartm en t, A shford  H o s p i ta l ,  A sh fo rd , M idd lesex . The m a n u fa c tu re rs  
in s t r u c t io n s  were fo llo w ed  w ith o u t m o d if ic a t io n .
I m m u n o g lo b u lin  a s s a y s
Im m unoglobulin G, A and M c o n c e n tra t io n s  were d e te rm in ed  by 
th e  s t a f f  o f  th e  D epartm ent o f  C l in ic a l  B io c h em is try , S t ,  Luke’s 
H o s p i ta l ,  G u ild fo rd , S u rre y , by th e  M aneini te c h n iq u e  (1 2 6 ) ,
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EQUIPMENT
M oulinex M o u lin e tte  chopper and b le n d e r ,  1 .251 c a p a c i ty .
Thomas t e f l o n  p e s t l e  t i s s u e  g r in d e r ,  s iz e  B. D riven  v ia  a f l e x i b l e  
ru b b e r  c o u p lin g  by a G itenco  v a r i la b  e l e c t r i c  m otor w ith  speed  v a r ia b le  
betw een 0 and 6000 rpm.
M .S.E. ÏÏS 18 c e n t r i f u g e  
Beckman L5-65 U lt r a c e n tr i fu g e
Dawe Soniprobe u l t r a s o n ic  d i s i n t e g r a t o r ,  type I I 3OA, w ith  Soniprobe 
c o n v e r te r  ty p e  I I 50/IA
LKB-V/allac 1280 Ultrogamma au to m atic  gamma r a d i a t i o n  c o u n te r  w ith  
o n - l in e  d a ta  p ro c e s s in g  by RS-252 in t e r f a c e d  Wang 2200S m icrocom puter. 
Pye Unicam SP-8100 U l t r a v i o le t  sp e c tro p h o to m e te r .
Chrom atography columns were c o n s tru c te d  from  g la s s  tu b in g  o f 
a p p ro p r ia te  s i z e ,  ta p e re d  a t  one end and f i t t e d  w ith  e i t h e r  a g la s s  
bead  ( f o r  Sephadex G-75) o r  a porous p o ly th en e  pad ( f o r  C N B r-ac tiva ted  
Sepharose 4D) to  r e t a i n  th e  g e l .
Luckham DP5 p o ly s ty re n e  t e s t  tu b e s ,  9*5 x 65.5  mm.
A ll o th e r  equipm ent (au to m a tic  m ic ro p ip e t te s ,  g la s s  p a s te u r  p i p e t t e s ,  
v o lu m e tric  g la ssw are  e t c . )  was ta k en  from  norm al la b o ra to ry  s to c k s .
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THYROID MICROSOME PREPARATION
A t h y r o i d  m ic r o s o m e  e x t r a c t  w a s  p r e p a r e d  b y  d i f f e r e n t i a l  
c e n t r i f u g a t i o n  ( 50) .
The m e th o d  c o n s i s t e d  o f  t h e  f o l l o w i n g  s t e p s :
1 .  T h y r o id  g l a n d s ,  r e m o v e d  a t  o p e r a t i o n  fr o m  tw o  p a t i e n t s  w i t h  
t h y r o t o x i c o s i s  w e r e  u s e d .  T he w e i g h t  a n d  v o lu m e  o f  t h e  g l a n d s  w e r e  
r e c o r d e d .
2 .  The g l a n d s  w e r e  f r e e d  o f  f a t  a n d  c o n n e c t i v e  t i s s u e ,  c h o p p e d  u s i n g  
s c i s s o r s  i n t o  i c e  c o l d  0 .1 5 M  K O I, a n d  w a s h e d  t w i c e  w i t h  t h e  K O I.
3 .  T he g l a n d s  w e r e  t h e n  h o m o g e n is e d  i n  a p p r o x im a t e l y  f o u r  t i m e s  t h e i r  
v o lu m e  o f  0 .1 5 M  K C l, i n  a  M o u l in e x  b l e n d e r ,  f o r  5 m in u t e s  a t  4 ^ C .
4* A f t e r  r e m o v a l  o f  l a r g e  p i e c e s  o f  c o n n e c t i v e  t i s s u e ,  t h e  h o m o g e n a te  
w a s f u r t h e r  h o m o g e n is e d  a t  a p p r o x i m a t e l y  1 0 0 0  rpm  b y  t h r e e  p a s s e s  i n  
a  T hom as t i s s u e  g r i n d e r ,  a t  0 ° C .
5 . The homogenate was th e n  c e n t r i f u g e d  a t  10 ,000 x g  f o r  30 m inu tes 
a t  4 °0 ,
6 .  T he s u p e r n a t a n t ,  e x c l u d i n g  l i p i d  m a t e r i a l ,  w a s t r a n s f e r r e d  t o  
u l t r a c e n t r i f u g e  t u b e s  a n d  c e n t r i f u g e d  a t  98,000 x g  f o r  o n e  h o u r  
a t  4 ° 0 .
7» T he p r e c i p i t a t e  o b t a i n e d  v /as w a s h e d  i n  b u f f e r  8 ,  b y  t h r e e  p a s s e s  
i n  a  T hom as t i s s u e  g r i n d e r ,  a t  0 ° C . C e n t r i f u g a t i o n  a t  9 8 , 0 0 0  x  g  
f o r  o n e  h o u r  a t  4°C  w a s t h e n  r e p e a t e d .
8 .  T he p r e c i p i t a t e d  p e l l e t  o b t a i n e d  w a s r e s u s p e n d e d  i n  5 O m is b u f f e r  8 .
9 .  T he s u s p e n d e d  p r e p a r a t i o n  w a s t h e n  s u b j e c t e d  t o  u l t r a s o n i c  
d i s i n t e g r a t i o n  d u r i n g  f i v e  2 m in u t e  i n t e r v a l s ,  a t  0 ° C , w i t h  o n e  m in u t e  
p a u s e s  t o  p r e v e n t  u n d u e  | te m p e  r a t u r e ,  i n c r e a s e . T he d i s i n t e g r a t o r  w a s  
s e t  t o  6 a m p s . A f t e r  t h e  p r o c e d u r e  v /as c o m p l e t e d ,  t h e  p r e p a r a t i o n  
w a s f o u n d  t o  b e  n o t i c e a b l y  l e s s  o p a q u e .
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T his p r e p a r a t io n  was d iv id e d  in to  2ml a l iq u o ts  and s to re d  
d e e p -f ro z e n , coded TM1. The p r o te in  c o n te n t o f  th e  e x t r a c t  was 
2*5g /l»  t h i s  may n o t however r e f l e c t  th e  c o n c e n tr a t io n  o f  th e  
m icrosom al a n t ig e n .
^^^lODINE LABELLED ANTI-rHUMAN IgG ANTISERUM PREPARATION
The ch lo ram ine  T method o f  Greenwood e t  a l .  (1 2 ? ) ,  w ith  
m o d if ic a t io n s ,  was used  to  la b e l  th e  im m unoglobulin f r a c t i o n  o f  a 
r a b b i t  an ti-hum an  IgG a n tise ru m  w ith  ^ ^ 5 lo d in e , The s o l id  phase 
l a b e l l i n g  te c h n iq u e  o f  Woodhead e t  a l .  (122) was n o t used  in  t h i s  
s tu d y . Two v a r i a n t s  o f  th e  method were em ployed.
Method 1
1 . The p r o te in  c o n te n t o f  th e  a n tise ru m  s o lu t io n  was a d ju s te d  to  
2mg/ml w ith  0 ,1 5  M NaCl,
2 . I0 |i l  (20|ig) o f  th e  an tise ru m  s o lu t io n  were t r a n s f e r r e d  to  a  sm a ll 
v i a l  (T echnicon a u to a n a ly s e r  sample cup) and 5 q l b u f f e r  5 were added .
3 . 51^ 1 N a^^^i s o lu t io n  ( l  mCi) were added , and th e  r e a c t io n  m ix tu re  
mixed by b u b b lin g  a i r  th ro u g h  i t  f o r  a  few seco n d s , u s in g  an au to m a tic  
p ip e t t e  t i p .
4 . 5p l C hloram ine T s o lu t io n  (25pg) were added and th e  s o lu t io n  mixed 
a s  b e fo re .
5 . A f te r  60 seco n d s , 50^1 sodium m e ta b is u lp h ite  s o lu t io n  ( l2 5 |ig )  were 
added , and th e  r e a c t io n  m ix tu re  t r a n s f e r r e d  im m ed ia te ly  to  th e  to p
o f  a  Sephadex G-75 ( 12.5mm x 125mm) column p re v io u s ly  washed w ith  2m1 
b u f f e r  2 . The r e a c t io n  v i a l  was washed w ith  b u f f e r  1 and th e  w ash ings 
a ls o  a p p lie d  to  th e  column.
6 . The r e a c t io n  m ix tu re  was e lu te d  from th e  column w ith  b u f f e r  1 .
1ml f r a c t io n s  w ere c o l le c te d  in to  Luckham LP3 t e s t  tu b e s  c o n ta in in g  
200pl b u f f e r  2 ,
7 . 10 |il a l iq u o ts  o f  each f r a c t i o n  were coun ted  in  a  gamma c o u n te r  
f o r  10 seconds e a c h , in  capped LP3 t e s t  tu b e s .
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8 . The e l u t io n  d iagram  was p lo t t e d  (co u n ts  a g a in s t  e lu t io n  volum e), 
and th e  p e rc e n ta g e  in c o rp o ra t io n  o f  T25iodine in to  th e  p r o te in  
c a lc u la te d .  The e lu t io n  d iagram  i s  shown in  f ig u r e  1 .
S tep s  5 to  6 o f  t h i s  p ro ced u re  were perform ed  in  accordance 
w ith  th e  Code o f  P r a c t i c e  f o r  th e  P r o te c t io n  o f  P erso n s A g ain st 
I o n is in g  R a d ia tio n s  a r i s i n g  from  M edical and D en ta l Use j( l2 8 ) .
Method 2
The c o n d itio n s  o f  method 2 were th e  same as f o r  method 1 , 
ex ce p t t h a t  th e  amount o f im m unoglobulin was red u ced  to  10[ig, and a 
phosphate  b u f f e r  ( b u f f e r  6) was s u b s t i tu t e d  f o r  0.15M s a l in e  a t  s te p  1 .
Method 1 y ie ld e d  a p r e p a ra t io n  w ith  a s p e c i f i c  a c t i v i t y  o f 
ap p ro x im ate ly  34 (iC i/pg,^w hereas th e  p r e p a ra t io n  produced  from  method 2 
had a s p e c i f i c  a c t i v i t y  o f  ap p ro x im ate ly  62 ^ C i/|ig . The l a t t e r  
p re p a ra t io n  was u sed  in  th e  s tu d ie s  d e s c r ib e d  in  t h i s  c h a p te r ,  and w i l l  
be r e f e r r e d  to  as  T25j a n tib o d y .
The p re p a ra t io n  was s to r e d  as  a s in g le  a l iq u o t  a t  4°C. 
P u r i f i c a t io n  was perform ed  a t  th re e -w e e k ly  i n t e r v a l s ,  by s u b je c t in g  
th e  p re p a ra t io n  to  Sephadex G-75 ch rom atrog raphy , as  d e s c r ib e d  above.
A c o n s id e ra b le  d e c re a se  in  s p e c i f i c  a c t i v i t y  (ap p ro x im a te ly  30^) 
was n o te d  a t  each  p u r i f i c a t i o n .
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C o im ts /lO |i l / lO  s e c .  x 10^
20
# R ep re sen ts  s i n g l e  r e s u l t s  
and a l l  subsequen t f i g u r e s
155 10 20
F r a c t i o n  number
Figure 1
Chromatography o f  l a b e l l e d  an ti-hum an IgG a n t is e ru m
on Sephadex G-75« The i n i t i a l  peak  r e p r e s e n t s  th e  l a b e l l e d
an t ise ru m  e l u t e d  in  th e  v o id  volume o f  th e  column, th e  second 
peak  r e p r e s e n t s  u n re a c te d  T 25 iod ine ,  and l a b e l l e d  i m p u r i t i e s .
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METHODS
1 .  BASIC ASSAY PROCEDUBE
T he m e th o d  c o n s i s t e d  i n  sum m ary o f  t h e  f o l l o w i n g  s t e p s :
( i )  P a s s i v e l y  i m m o b i l i s i n g  d i l u t e d  a n t i g e n  o n  L uckham  p o l y s t y r e n e  
LP 5 t e s t  t u b e s .
( i i )  D i s c a r d i n g  t h e  u n a d s o r b e d  a n t i g e n  a n d  w a s h in g  t h e  t u b e  t o  r e m o v e  
u n a d s o r b e d  m a t e r i a l .
( i i i )  I n c u b a t i n g  d i l u t e d  t e s t  s e r u m  w i t h  t h e  im m o b i l i s e d  a n t i g e n .
( i v )  D i s c a r d i n g  t h e  u n r e a c t e d  t e s t  s e r u m , a n d  w a s h in g  t h e  t u b e s .
( v )  I n c u b a t i n g  T 2 5 i  a n t i b o d y ,  a t  a n  a p p r o p r i a t e  d i l u t i o n ,  w i t h  t h e  
a n t i g e n / a n t i b o d y  c o m p le x .
( v i )  D i s c a r d i n g  u n r e a c t e d  l a b e l  a n d  w a s h in g  t h e  t u b e s .
( v i i )  S u b m i t t i n g  t h e  e m p ty  t u b e s  t o  gamma r a d i a t i o n  c o u n t i n g .
2 .  ANTIGEN TITRAtflOH  
P r o c e d u r e  1
F o r  t h e  p u r p o s e s  o f  t h e s e  e x p e r i m e n t s ,  t h e  a s s a y  c o n d i t i o n s  
w e r e  a s  f o l l o w s :
i )  I n c u b a t i o n  t i m e s
a )  A n t ig e n  i m m o b i l i s a t i o n  1 8  h o u r s
b )  T e s t  se r u m  6 h o u r s
c )  ^25% a n t i b o d y  1 8  h o u r s
i i )  W a sh es
1 w a s h ,  1m l s a l i n e
1 w a s h ,  2m l s a l i n e
1  w a s h ,  2m l s a l i n e  + O .5/ ’ BSA
i i i )  A l l  r e a g e n t  a n d  d i l u t e d  t e s t  s e r u m  a d d i t i o n  v o lu m e s  w e r e  1 m l .
; A l l  r e a g e n t  a n d  t e s t  se r u m  d i l u t i o n s  w e r e  m ade i n  b u f f e r  8 .
60
v )  A se ru m  s a m p le  (E S )  e s t a b l i s h e d  b y  h a e m a g g l u t i n a t i o n  a s s a y  t o  
h a v e  h ig h  HCHA t i t r e  ( 1 : 1 2 8 0 ^ )  an d  n e g a t i v e  TGHA t i t r e  ( < 1 : 5 )  w a s u s e d  
a s  a  p o s i t i v e  r e f e r e n c e  s a m p l e .  A se r u m  s a m p le  (RG) e s t a b l i s h e d  b y  
h a e m a g g l u t i n a t i o n  a s s a y  t o  b e  n e g a t i v e  f o r  b o t h  a u t o a n t i b o d i e s  
(MGHA < 1 : 1 0 ^ ,  TGHA < 1 : 1 0 )  w as u s e d  a s  a  n e g a t i v e  r e f e r e n c e  s a m p le .
T h e s e  s a m p le s  w e r e  u s e d  a s  r e f e r e n c e  p r e p a r a t i o n s  i n  a l l  s u b s e q u e n t  
e x p e r i m e n t s  i n  t h i s  c h a p t e r .  The s e r a  w e r e  d i v i d e d  i n t o  2 0 0 p l  a l i q u o t s  
a n d  s t o r e d  d e e p - f r o z e n  u n t i l  u s e d .
v i )  A l l  e x p e r im e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  w e r e  p e r f o r m e d  i n  
d u p l i c a t e ,  e x c e p t  t h i s  p r e l i m i n a r y  e x p e r i m e n t ,  a n d  w h e r e  s t a t e d  
o t h e r w i s e .
v i i )  I n  a l l  e x p e r im e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  e a c h  t u b e  w as  
s u b j e c t e d  t o  gamma r a d i a t i o n  c o u n t i n g  u n t i l  a  m inim um  o f  1 0 , 0 0 0  c o u n t s  
w e r e  a c c u m u la t e d  f o r  e a c h  t u b e  t o  e n s u r e  a d e q u a t e  c o u n t i n g  p r e c i s i o n ,  
v i i i )  M eth od
1 .  T he m ic r o s o m a l  e x t r a c t  w a s  s e r i a l l y  d i l u t e d  1 : 2  t o  g i v e  a  
r a n g e  o f  d i l u t i o n s  fr o m  n e a t  ( u n d i l u t e d )  t o  1 : 512 , a n d  1m l a l i q u o t s  
o f  e a c h  d i l u t i o n  w e r e  in c u b a t e d  i n  tw o  s e t s  o f  L uckham  LP3 t u b e s ,  
a t  room  t e m p e r a t u r e .
2 .  The c o n t e n t s  o f  t h e  t u b e s  w e r e  a s p i r a t e d  t o  w a s t e  b y  jv a c u u m  " 
a n d  t h e  t u b e s  w e r e  w a s h e d  w i t h  a  o n e  m in u t e  s o a k  i n  e a c h  w a s h .
3 .  The r e f e r e n c e  se r u m  s a m p le s  (E S  a n d  RG) a t  a  d i l u t i o n  o f  1 : 2 0  
w e r e  a d d e d  t o  a l l  t h e  t u b e s  o f  t h e  a p p r o p r i a t e  s e t ,  a n d  i n c u b a t e d  
a t  room  t e m p e r a t u r e .
4 .  S t e p  2 w as r e p e a t e d ,
5* 125% a n t i b o d y  w a s d i l u t e d  1 : 2 0 0 0  a n d  a d d e d  t o  a l l  t u b e s .  Two
a d d i t i o n a l  t u b e s  w e r e  p r e p a r e d ,  t o  w h ic h  o n l y  t h e  d i l u t e d  125% a n t i ­
b o d y  w a s a d d e d  ( d e s i g n a t e d  " 00"  t u b e s ) .  A t t h e  d i l u t i o n  u s e d ,  
a p p r o x i m a t e l y  6 . 5 n g  o f  im m u n o g lo b u l in  w a s a d d e d  t o  e a c h  a s s a y  t u b e .
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T h is  d i l u t i o n  o f  ^25% a n t i b o d y  w a s u s e d  i n  a l l  s u b s e q u e n t  e x p e r im e n t s  
i n  t h i s  c h a p t e r ,  e x c e p t  T /here s t a t e d .  T he t u b e s  w e r e  i n c u b a t e d  a t  
ro o m  t e m p e r a t u r e .
6 .■  S t e p  2 w a s r e p e a t e d .
7 .  T he e m p ty  t u b e s  w e r e  s u b m i t t e d  t o  gamma c o u n t i n g .
8 .  T he p e r c e n t a g e  o f  r a d i o a c t i v i t y  b o u n d , r e l a t i v e  t o  t h e  m ean  0 0  
t u b e  c o u n t s ,  i n  e a c h  o f  t h e  t u b e s  w a s c a l c u l a t e d  a n d  p l o t t e d ,  a g a i n s t  
t h e  a n t i g e n  d i l u t i o n  o n  a  l o g a r i t h m i c  s c a l e .
P r o c e d u r e  2
P r o c e d u r e  2 w a s i d e n t i c a l  t o  p r o c e d u r e  1 e x c e p t  t h a t
( i )  M ic r o s o m a l e x t r a c t  s e r i a l  1 : 2  d i l u t i o n s  w e r e  fr o m  n e a t  ( u n d i l u t e d )  
t o  1 : 215,
( i i )  R e a g e n t  a n d  d i l u t e d  t e s t  se r u m  v o lu m e s  w e r e  r e d u c e d  t o  5 0 0 p l .
A t  t h e  d i l u t i o n  o f  ^ 25% a n t i b o d y  u s e d ,  a p p r o x im a t e l y  5 . 3 n g  o f
im m u n o g lo b u l in  w e r e  a d d e d  t o  e a c h  a s s a y  t u b e .
5 .  REFERENCE SE R M  TITRATION
F o r  t h e  p u r p o s e s  o f  t h e s e  e x p e r i m e n t s ,  t h e  a s s a y  c o n d i t i o n s  
w e r e  a s  f o l l o w s :
( i )  M ic r o s o m a l e x t r a c t  d i l u t i o n  1 : 5 0 0  i n  b u f f e r  8
( i i )  I n c u b a t i o n  t i m e s  an d  t e m p e r a t u r e s
a )  A n t i g e n  i m m o b i l i s a t i o n  1 8  h o u r s ,  ro o m  t e m p e r a t u r e
b )  T es t  serum 4*5 h o u rs ,  57°C
c )  ^25% a n t i b o d y  1 8  h o u r s ,  room  t e m p e r a t u r e
( i i i )  W a sh es
a )  A f t e r  a n t i g e n  i m m o b i l i s a t i o n
1  w a s h ,  2 .5 m l  b u f f e r  8
2 w a s h e s ,  2 .5 m l  s a l i n e  +  0 . 5 ^  PSA
b )  A l l  o t h e r  w a s h e s
2 w a s h e s ,  2 .5 m l  b u f f e r  3
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( i v )  -1^ 5 l a n t i b o d y  d i l u t i o n s  w e r e  i n  b u f f e r  3
( v )  D i l u t e d  t e s t  s e r a  an d  r e a g e n t  a d d i t i o n  v o lu m e s  w e r e  5 0 0 p l ,
a )  S eru m  t i t r a t i o n  u s i n g  b u f f e r  d i l u e n t
1 •  T h e m ic r o s o m a l  e x t r a c t  w a s  d i l u t e d  an d  im m o b i l i s e d  i n  Luckham  LP3 
t e s t  t u b e s .
2 .  T he c o n t e n t s  o f  t h e  t u b e s  w e r e  a s p i r a t e d  t o  w a s t e .  T h e t u b e s  
w e r e  t h e n  w a s h e d  a n d  i n v e r t e d  o n  a b s o r b e n t  w a d d in g  f o r  3 0  m in u t e s  
t o  a l l o w  d r a i n a g e .
3 .  T h e r e f e r e n c e  se ru m  s a m p le s  w e r e  i n i t i a l l y  d i l u t e d  1 : 5 0  an d  
s u b s e q u e n t l y  s e r i a l l y  d i l u t e d  1 0 - f o l d  t o  g iv e  a  r a n g e  o f  d i l u t i o n s  
fr o m  1:50 t o  1 : 5  x  lO ^O . T he d i l u t i o n s  were m ade i n  b u f f e r  8 .
4 .  T h e  d i l u t e d  r e f e r e n c e  se ru m  s a m p le s  were a d d e d  t o  t h e  a p p r o p r i a t e  
t u b e s  an d  i n c u b a t e d .  -
5 .  S t e p  2 w as r e p e a t e d ,
6 .  D i l u t e d  1^5% a n t i b o d y  was a d d e d  an d  i n c u b a t e d .  Two 0 0  t u b e s  were 
a l s o  p re p a re d .
7 .  S t e p  2 w a s r e p e a t e d ,
8 .  T he e m p ty  t u b e s  were s u b m i t t e d  t o  gamma c o u n t i n g  an d  t h e  
p e r c e n t a g e  o f  r a d i o a c t i v i t y  b o u n d , r e l a t i v e  t o  t h e  m ean  0 0  t u b e  
c o u n t s ,  w a s c a l c u l a t e d .
b )  S eru m  t i t r a t i o n  u s i n g  h o rse  serum d i l u e n t  -
T h i s  experim en t was i d e n t i c a l  t o  e x p e r im e n t  ( a )  a b o v e ,  e x c e p t  
t h a t  t h e  re fe re n c e  se ru m  (E S  o n l y )  d i l u t i o n s  were made i n  norm al h o r s e  
s e r u m , p r e v i o u s l y  d i l u t e d  1:50 w i t h  b u f f e r  3»
D i l u t i o n s  o f  t h e  re fe re n c e  se r u m  fr o m  1 : 5 0  t o  1 : 5  x  1 0? 
were u s e d .
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c*  S eru m  t i t r a t i o n  u s i n g  n o r m a l hum an se ru m  d i l u e n t
T h i s  e x p e r im e n t  w a s i d e n t i c a l  t o  e x p e r im e n t  ( a )  a b o v e ,  
e x c e p t  t h a t  d i l u t i o n s  o f  t h e  r e f e r e n c e  se ru m  (S S  o n l y )  were m ade i n  t h e  
n e g a t i v e  re fe re n c e  se ru m  (RG) p re v io u s ly  d i l u t e d  1 : 5 0  w i t h  b u f f e r  3 .
D i l u t i o n s  o f  t h e  r e f e r e n c e  se ru m  fro m  1 : 5 0  t o  1 : 5  x  10^ w e r e
u s e d .
4 . INVESTIGATION OF ASSAY GOITDITIONS
The f o l l o w i n g  c o n d it io n s  were in v e s t ig a te d .
a )  m ic r o s o m a l  e x t r a c t  d i l u t i o n
b )  pH o f  a n t ig e n  i m m o b i l i s i n g  b u f f e r
c )  number o f w a s h e s
d )  i n c u b a t i o n  t im e  f o r  a u t o a n t i b o d y / a n t i g e n  r e a c t i o n
e )  i n c u b a t i o n  t im e  f o r  125% a n t i b o d y / a u t o a n t i b o d y  r e a c t i o n
a )  M ic r o s o m a l e x t r a c t  d i l u t i o n
T h i s  a s p e c t  o f  t h e  a s s a y  h a d  p r e v i o u s l y  b e e n  in v e s t ig a te d .  
H o w e v e r , i n  o r d e r  t o  c o n f i r m  t h a t  a n  a d e q u a t e  d i f f e r e n t i a l  i n  r e s p o n s e  
b e t w e e n  t h e  r e f e r e n c e  p o s i t i v e  an d  n e g a t i v e  seru m  s a m p l e s  w a s  o b t a i n e d ,  
a n  experim en t w a s p e r f o r m e d  w i t h  t h e  m ic r o s o m a l  e x t r a c t  a t  a  h i g h e r  
c o n c e n tra t io n  t h a n  t h a t  p re v io u s ly  u s e d ,
1 .  The m ic r o s o m a l  a h t i g e n  w a s  d i l u t e d  1 : 1 2 5  i n  b u f f e r  7 ,  an d  
in c u b a t e d  f o r  1 8  h o u r s  a t  room  t e m p e r a t u r e  i n  L uckham  LP3 
t e s t  t u b e s .
2 .  T he c o n t e n t s  o f  t h e  t u b e s  w e r e  a s p i r a t e d  t o  w a s t e ,  a n d  t h e  t u b e s  
w a sh e d  t w i c e  w i t h  2 m ls  b u f f e r  3 .
3 .  T he r e f e r e n c e  s e r a ,  s e r i a l l y  d i l u t e d  1 : 5 0  t o  1 : 5  x  10^  i n  b u f f e r  3 
a s  p r e v i o u s l y  d e s c r i b e d ,  w e r e  a d d e d  t o  t h e  t u b e  an d  i n c u b a t e d
f o r  3 h o u r s  a t  3 7 ° C .
4 .  S t e p  2 w a s re p e a te d .
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5 .  1^5% a n t i b o d y  d i l u t e d  i n  b u f f e r  3 w a s  t h e n  a d d e d  a n d  i n c u b a t e d
f o r  18 h o u r s  a t  room  t e m p e r a t u r e *  Two 00 t u b e s  w e r e  a l s o  p re p a re d .
6 .  S t e p  2 w a s r e p e a t e d .
7 .  T he e m p ty  t u b e s  w e r e  s u b m i t t e d  t o  gamma co u n tin g  an d  r e s u l t s  
c a l c u l a t e d  a s  p r e v i o u s l y .
A l l  r e a c t io n  v o lu m e s  w e r e  5 0 0 [ i l .
b )  pH o f  a n t i g e n  i m m o b i l i s i n g  b u f f e r
The e x p e r i m e n t a l  c o n d i t i o n s  w e r e  a s  d e s c r i b e d  i n  s e c t io n  4 a ,  
e x c e p t  t h a t  t h e  a n t i g e n  d i l u t i o n  was f i x e d  a t  1 : 500.
T he p r o c e d u r e  w a s  p e r f o r m e d  w i t h
i )  B u f f e r  8
i i )  B u f f e r  7 
a s  t h e  a n t i g e n  i m m o b i l i s i n g  b u f f e r .
c )  N um ber o f  w a s h e s
T h e e x p e r i m e n t a l  c o n d i t i o n s  d e s c r i b e d  i n  s e c t i o n  4 a  w e r e  u s e d  
e x c e p t  t h a t  t h e  m ic r o s o m a l  e x t r a c t  d i l u t i o n  was 1 :500 a n d  t h e  n e g a t i v e  
r e f e r e n c e  se r u m  (RG) w a s u s e d  a t  a  f i x e d  d i l u t i o n  o f  1 : 5 0 .  O n ly  t h e  
n e g a tiv e  r e f e r e n c e  se ru m  w a s  a ssa y e d , s i n c e  i t  w a s c o n s i d e r e d  t h a t  t h i s  
w o u ld  g i v e  a  b e t t e r  i n d i c a t i o n  o f  r e s i d u a l  n o n - s p e c i f i c  b i n d i n g  a f t e r  
t h e  w a sh  p r o c e d u r e s .
T h e n u m b er o f  w a s h e s  u s e d  b e f o r e  t h e  f i n a l  i n c u b a t i o n  w a s  
v a r i e d  fr o m  1 t o  6 w i t h  a  o n e  m in u t e  s o a k  i n  e a c h  w a s h .  T h e n u m b er o f  
w ashes a t  o t h e r  s ta g e s  w as m a in t a in e d  c o n s t a n t  a t  2 ,  I t  was c o n s i d e r e d  
t h a t  t h e  p e n u l t i m a t e  wash c y c l e  w o u ld  b e  t h e  m o s t  s e n s i t i v e  i n d e x  o f  t h e  
e f f i c i e n c y  o f  t h e  w ashing p r o c e d u r e .
65
d )  I n c u b a t i o n  t im e  f o r  a u t o a n t i b o d y / a n t i g e n  r e a c t i o n
T he e x p e r i m e n t a l  c o n d i t i o n s  u s e d  w e r e  t h o s e  d e s c r i b e d  i n  4 a ,  
e x c e p t  t h a t  t h e  a n t i g e n  d i l u t i o n  w a s f i x e d  a t  1:500  a n d  t h e  p o s i t i v e  
an d  n e g a t i v e  r e f e r e n c e  s e r a  were u s e d  a t  a  f i x e d  d i l u t i o n  o f  1 : 50 .
T he t im e  f o r  i n c u b a t i o n  o f  t h e  a u t o a n t i b o d y  s o l u t i o n  w i t h  t h e  
a n t ig e n  w as v a r i e d  b e t w e e n  5 m in u t e s  a n d  3 h o u r s  ( a t  3 7 ° 0 ) .
e )  I n c u b a t i o n  t im e  f o r  125% a n t i b o d y / a u t o a n t i b o d y  i n c u b a t i o n
The e x p e r i m e n t a l  c o n d i t i o n s  u s e d  w e r e  t h o s e  d e s c r i b e d  i n  4^-, 
e x c e p t  t h a t  t h e  a u tc a n tib o d y /a n t ig e n  i n c u b a t i o n  t im e  w a s  h e l d  c o n s t a n t  
a t  3 h o u r s  ( a t  3 7 ° 0 )  a n d  t h e  125% a n t ib o d y /a u to a n t ibody  i n c u b a t i o n  t im e  
w a s v a r i e d  b e t w e e n  0 . 5  a n d  18  h o u r s  ( a t  room  t e m p e r a t u r e ) ,
5 .  TITRATION OF 125% ANTIBODY
The c o n d i t i o n s  f o r  t h i s  e x p e r im e n t  w e r e  a s  d e s c r i b e d  i n  
s e c t io n  4 a , excep t t h a t  t h e  m ic r o s o m a l  e x t r a c t  d i l u t i o n  w a s  f i x e d  
a t  1 : 500 , t h e  p o s i t i v e  r e f e r e n c e  se r u m  d i l u t i o n  was f i x e d  a t  1 : 500 , an d  
s e r i a l  d o u b le  d i l u t i o n s  o f  125% a n t i b o d y  fr o m  1:50  t o  1:6400 w e r e  
p re p a re d , i n  b u f f e r  3 .
A d i l u t e d  a l i q u o t  o f  t h e  p o s i t i v e  r e f e r e n c e  se ru m  w a s  a s s a y e d
1 OR
a t  e a c h  d i l u t i o n  o f  *^ I a n t i b o d y .  T he n e g a tiv e  r e f e r e n c e  se ru m  w a s  
n o t  a s s a y e d  i n  t h i s  e x p e r i m e n t .
6 .  STANDARDS
Two m e th o d s  o f  p r e p a r i n g  s t a n d a r d  c u r v e s  w e r e  i n v e s t i g a t e d
a )  U s i n g  se ru m  s a m p le s  w i t h  k now n h a e m a g g l u t i n a t i o n  t i t r e s
A r a n g e  o f  se r u m  s a m p le s  p r e v i o u s l y  a s s a y e d  f o r  a n t i - m i c r o s o m a l  
a u t o a n t i b o d i e s  b y  h a e m a g g lu tin a tio n  w a s u s e d  t o  p re p a re  a  c u r v e  t o  
w h ic h  t e s t  se ru m  r e s u l t s  c o u ld  b e  r e l a t e d .
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1. The m ic r o s o m a l  e x t r a c t ,  d i l u t e d  t o  1 : 5 0 0  i n  b u f f e r  7 w a s  
in c u b a t e d  f o r  18  h o u r s  a t  room  t e m p e r a t u r e  i n  Luckiiam  LP3  
t e s t  t u b e s .
2 .  T he c o n t e n t s  o f  t h e  t u b e s  w e r e  a s p i r a t e d ,  a n d  t h e  t u b e s  w e r e  
w a s h e d  t w i c e  w i t h  b u f f e r  3 .
3 .  S eru m  s a m p le s  w i t h  MGHA t i t r e s  o f :  1 : 1 2 8 0 ^ ,  1 : 6 4 0 ^ ,  1 : 3 2 0 ^ ,
1 :l6 0 ^ , 1 : 40^ , 1 :2 0 ^ , 1 :1 0 ^ , < 1 :10^ , were d i l u t e d  1:50  w i t h  
b u f f e r  3 ,  an d  i n c u b a t e d  i n  a p p r o p r i a t e l y  l a b e l l e d  c o a t e d  t u b e s  
f o r  3 h o u r s  a t  37°0 .
4 .  S t e p  2 was re p e a te d .
5 .  12 5 i  a n t i b o d y  w a s a d d e d  an d  i n c u b a t e d  f o r  18 h o u r s  a t  room  
t e m p e r a t u r e .  Two 0 0  t u b e s  w e r e  a l s o  p r e p a r e d ,
6 .  S t e p  2 w a s r e p e a t e d ,
7 . T he empty t u b e s  w e r e  s u b m i t t e d  t o  gamma c o u n t i n g  a n d  t h e
p e rce n tag e  o f  r a d i o a c t i v i t y  b o u n d , r e l a t i v e  t o  t h e  m ean 0 0  
t u b e  c o u n t s  w e r e  p l o t t e d  a g a i n s t  t h e  MGHA t i t r e .
A l l  r e a c t i o n  v o lu m e s  w e r e  5 0 0 | i l .
b )  E x t r a c t i o n  o f  a n t i - m i c r o s o m a l  a u t o a n t i b o d i e s  fr o m  a  h i g h  MGHA 
t i t r e  s e r u m , u s i n g  a f f i n i t y  c h r o m a t o g r a p h y
P r e p a r a t i o n  o f  Im m u n o so r b e n t
The m e th o d  u s e d  w as t h a t  re co m m en d e d  b y  P h a r m a c ia  f o r  t h e  
p r e p a r a t i o n  o f  G N B r - a c t iv a t e d  S e p h a r o s e  4 U / p r o t e i n  im m u n o s o r b e n t s ,  
w i t h  m in o r  m o d i f i c a t i o n s .  T he m e th o d  c o n s is te d  o f  t h e  f o l l o w i n g  s t e p s :
1 , A p p r o x im a t e ly  1 g  d r y  G N B r - a c t iv a t e d  S e p h a r o s e  4 8  w a s allow ed
t o  s w e l l  i n  0 ,0 0 1  M HGl f o r  3 0  m i n u t e s .
2 .  T he s w o l l e n  g e l  was w a sh e d  b y  : v a cu u m  i, f i l t r a t i o n  w i t h  t e n  2 0 m l
a l i q u o t s  o f  0 .0 0 1  M HGl o n  a  s i n t e r e d  g l a s s  f i l t e r .
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3 .  A f t e r  t h e  f i n a l  w a s h ,  t h e  g e l  w a s  w a sh e d  o n c e  w i t h  b u f f e r  9 ,  
t h e  b u f f e r  b e i n g  re m o v e d  b y  v a cu i^ n  f i l t r a t i o n .
4 .  One m l o f  t h e  m ic r o s o m a l  e x t r a c t  w a s d i l u t e d  t o  $m l w i t h  
b u f f e r  9 ,  a n d  t h e  s u s p e n s i o n  a d d e d  t o  t h e  e q u i l i b r a t e d  g e l .
5* The m ix t u r e  w a s  m ix e d  b y  i n v e r s i o n  f o r  2 . 5  h o u r s  a t  room
t e m p e r a t u r e  a n d  t h e  m ic r o s o m a l  e x t r a c t  r e m o v e d  b y  a s p i r a t i o n  
a f t e r  m i ld  c e n t r i f u g a t i o n .  T h e g e l  w a s  w a s h e d  o n c e  i n  b u f f e r  9»  
w h ic h  w a s t h e n  r e m o v e d ,
6 ,  T en  m l 1 , 0  M E t h a n o la m in e  w e r e  a d d e d  t o  b l o c k  a n y  r e m a in in g  
a c t i v e  g r o u p s  o n  t h e  g e l  an d  t h e  m ix t u r e  a g a i n  m ix e d  b y  
i n v e r s i o n  f o r  2 , 5  h o u r s  a t  room  t e m p e r a t u r e .  T h e e t h a n o la m in e  
s o l u t i o n  w a s t h e n  r e m o v e d , an d  t h e  g e l  w a s h e d  w i t h  b u f f e r  9»
7 ,  N o n - c o v a l e n t l y  b o u n d  p r o t e i n  w a s r e m o v ed  fr o m  t h e  g e l  b y  5  
c y c l e s  o f  w a s h i n g ,  f i r s t l y  w i t h  b u f f e r  1 0 ,  t h e n  w i t h  b u f f e r  9«
8 ,  T he g e l  w a s w a s h e d  t w i c e  i n  b u f f e r  9 ,  an d  s t o r e d  i n  t h e  sam e  
b u f f e r  a t  4 ^ 0 ,
T h r e e  b a t c h e s  o f  im m u n o so r b e n t  w e r e  p r e p a r e d  i n  t h i s  w a y ,  
an d  c o m b in e d  f o r  t h e  f o l l o w i n g  e x p e r i m e n t .
E x t r a c t i o n  o f  a u t o a n t i b o d i e s
1 ,  T he C N B r -S e p h a r o s e  48/m ic r o s o m e  p r e p a r a t i o n  w a s  p o u r e d  i n t o  a  
g l a s s  c o lu m n  (lOmm x  150mm) an d  a l l o w e d  t o  s e t t l e ,
2 ,  T he g e l  w as w a s h e d  w i t h  5 0 m ls  b u f f e r  3  t o  b l o c k  a n y  a c t i v e  
s i t e s  o n  t h e  g e l  o r  t h e  g l a s s ,
3 ,  T h e g e l  w a s  f u r t h e r  w a s h e d  w i t h  5 Om is b u f f e r  8  t o  re m o v e  a n y  
n o n - a d s o r b e d  a lb u m in ,
4 ,  A 3m l a l i q u o t  o f  r e f e r e n c e  se r u m  ES w a s  a d d e d  t o  t h e  t o p  o f  
t h e  g e l  an d  a l l o w e d  t o  e n t e r  t h e  b e d .
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5 ,  The c o lu m n  w a s e l u t e d  w i t h  b u f f e r  8 ,  an d  t h e  f l o w  r a t e  c o n t r o l l e d
t o  0 . 2 m l / m i n .  T w e n t y - f o u r  1m l f r a c t i o n s  w e r e  t h e n  c o l l e c t e d ,
6 ,  T h e e l u a n t  w a s  t h e n  c h a n g e d  t o  b u f f e r  1 1 ,  a n d  t w e n t y  1m l f r a c t i o n s
w e r e  c o l l e c t e d ,
7 ,  E a c h  f r a c t i o n  w a s  d i l u t e d  1 : 2 0  a n d  t h e  a b s o r b a n c e  m e a s u r e d  a t  
280nm,
8 ,  lO O jil o f  e a c h  f r a c t i o n  w e r e  d i l u t e d  t o  5 0 0 j i l  w i t h  b u f f e r  3 ,  an d  
in c u b a t e d  f o r  3 h o u r s  a t  3 7 ° 0  i n  Luckham  LP3 t u b e s  p r e v i o u s l y  
c o a t e d  w i t h  m ic r o s o m a l  e x t r a c t ,  a s  p r e v i o u s l y  d e s c r i b e d  ( a n t i g e n  
d i l u t i o n  1 : 5 0 0 ) ,  B e c a u s e  o f  t h e  r e l a t i v e l y  s m a l l  v o lu m e  o f  
e l u a t e  a v a i l a b l e ,  i t  w a s n o t  p o s s i b l e  t o  p e r f o r m  t h i s  p a r t  o f  
t h e  e x p e r im e n t  i n  d u p l i c a t e ,
9 ,  T h e c o n t e n t s  o f  t h e  t u b e s  w e r e  a s p i r a t e d  a n d  t h e  t u b e s  w a sh e d
t w i c e  w i t h  b u f f e r  3*
1 0 ,  a n t i b o d y  a t  a  d i l u t i o n  o f  1 : 1 0 0 0  i n  b u f f e r  3 w a s a d d e d  an d
in c u b a t e d  f o r  3 h o u r s  a t  3 7 ^ 0 ,  Tito 0 0  t u b e s  w e r e  p r e p a r e d ,
1 1 ,  S t e p  9 w a s r e p e a t e d ,  t h e  e m p ty  t u b e s  w e r e  s u b m i t t e d  t o  gamma 
r a d i a t i o n  c o u n t i n g  an d  t h e  p e r c e n t a g e  o f  r a d i o a c t i v i t y  b o u n d ,  
r e l a t i v e  t o  t h e  m ean 0 0  t u b e  c o u n t s ,  w a s c a l c u l a t e d  f o r  e a c h  
t u b e .
I m m u n o g lo b u lin  d e t e r m i n a t i o n s
F r a c t i o n s  5 - 1 8  i n c l u s i v e  o f  t h e  g l y c i n e / H G l  ( b u f f e r  1 1 )  
e l u t i o n  w e r e  c o m b in e d  a n d  t h e  im m u n o g lo b u l in s  p r e c i p i t a t e d  w i t h  a n  
e q u a l  v o lu m e  o f  s a t u r a t e d  ammonium s u l p h a t e  s o l u t i o n .  The p r e c i p i t a t e  
o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  w a s d i s s o l v e d  i n  2m l b u f f e r  8 ,  T he  
im m u n o g lo b u l in s  w e r e  a g a i n  p r e c i p i t a t e d  a s  a b o v e ,  a n d  t h e  p r e c i p i t a t e  
f i n a l l y  d i s s o l v e d  i n  500p,l b u f f e r  8 ,
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D o u b le  im m u n o d i f f u s io n  o f  t h e  im m unoglobulin p r e p a r a t i o n
a g a in s t
i )  a n t i - w h o l e  human se r u m  a n t i s e r u m
i i )  a n t i - h u m a n  a lb u m in  a n t i s e r u m
i i i )  a n t i - h u m a n  IgG  a n t i s e r u m
i v )  a n t i - h u m a n  IgA  an tise ru m
v )  an ti-hum an  IgM a n t i s e r u m
sh o w e d  p r e c i p i t i n  b a n d s  a g a i n s t  w e l l s  ( i )  ( tw o  b a n d s ) , ( i i i )  an d  ( v ) , 
s u g g e s t i n g  t h e  p r e s e n c e  o f  G an d  H c l a s s  o f  im m u n o g lo b u l in s .
T he c o n c e n tr a t io n s  o f  im m u n o g lo b u l in s  G, A a n d  M w e r e  
d e t e r m in e d  i n  l o w - c o n c e n t r a t i o n  M a n c in i  im m u n o d i f f u s io n  p l a t e s .  
C o n c u r r e n t l y  t h e  im m u n o g lo b u l in  c o n te n t o f  t h e  o r i g i n a l  m ic r o s o m a l  
e x t r a c t  w a s a l s o  d e t e r m i n e d .
A f f in i ty  chrom atography o f  3m l o f  t h e  r e f e r e n c e  n e g a t i v e  
se r u m  was p e r f o r m e d  u s i n g  t h e  sam e im m u n e s o r b a n t .  The f r a c t i o n s  
o b t a i n e d  o n  a c i d  e l u t i o n  w e r e  su b je c te d  t o  t h e  r a d io a s s a y  p rocedu re  
a s  d e s c r i b e d .  Ammonium s u l p h a t e  p r e c i p i t a t i o n  o f  t h e  c o m b in e d  a c i d  
e l u a t e  w a s  c a r r i e d  o u t ,  an d  t h e  im m u n o g lo b u l in  l e v e l s  d e t e r m i n e d ,  as  
d e s c r i b e d  a b o v e ,
7 ,  PRECISION
F o r  t h e  p u r p o s e s  o f  d e t e r m i n i n g  t h e  w i t h i n - a s s a y  p r e c i s i o n  
o f  t h e  m e th o d , 16  a l i q u o t s  o f  r e f e r e n c e  seru m  ES w e r e  t e s t e d  i n  o n e  
a s s a y .  T he c o n d i t i o n s  u s e d  w e r e  t h e  sam e as  t h o s e  e m p lo y e d  i n  
s e c t i o n  3 a ,  ex cep t t h a t  t h e  r e f e r e n c e  se ru m  SS w a s  u s e d  a t  a  f i x e d
d i l u t i o n  o f  1 : 5 0 0 ,  S i x t e e n  s e p a r a t e l y  d i l u t e d  a l i q u o t s  were p r e p a r e d
a n d  a s s a y e d ,
B etw een-assay  p r e c i s i o n  w a s  a s s e s se d  u s in g  t h e  sam e c o n d i t i o n s  
i n  s e v e n  a s s a y s  p e r f o r m e d  o v e r  a  p e r io d  o f  t h r e e  w eeks, an d  i n  s i x
s e p a r a t e  a s s a y s  p e r f o r m e d  o n  t h e  sam e d a y .
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RESULTS
ANTIGEN TITRATION
F ig u re s  2 and 3 show th e  r e s u l t s  o f  th e  experim en ts  perform ed 
t o  o p t im ise  th e  d i l u t i o n  o f  microsomal e x t r a c t  f o r  use  w ith  th e  a s sa y  
c o n d i t io n s  s e le c te d .
F i g u r e  2 sh o w s  a  p o o r  d i f f e r e n t i a t i o n  o f  p o s i t i v e  an d  n e g a t i v e  
se ru m  r e s p o n s e s  t o  t h e  a n t i g e n .  On e x t e n d i n g  t h e  a n t i g e n  d i l u t i o n s  
u s e d ;  r e d u c i n g  t h e  r e a c t i o n  v o lu m e s  fr o m  1m l t o  500^1 , an d  i n c r e a s i n g  
t h e  r e f e r e n c e  s e r a  d i l u t i o n ,  a  b e t t e r  d i f f e r e n t i a t i o n  o f  p o s i t i v e  an d  
n e g a t iv e  resp o n se  w a s  o b t a i n e d  ( f i g u r e  3 ) .
F ig u re  3 i n d i c a t e s  t h a t  a t  a n t i g e n  d i l u t i o n s  a b o v e  1 : 5 1 2 ,  
a n t i g e n  i s  n o  lo n g e r  i n  e x c e s s  w i t h  r e s p e c t  t o  t h e  a u t o a n t i b o d y - p o s i t i v e  
r e f e r e n c e  se ru m  (MGHA t i t r e  1 : 1 2 8 0 ^ ) .  I n  f u t u r e  e x p e r i m e n t s ,  t h e  
a n t i g e n  d i l u t i o n  w a s f i x e d  a t  1 : 5 0 0 .  ( T h i s  d i l u t i o n  w a s s i m i l a r  t o  
1: 512 , an d  m ore c o n v e n i e n t  t o  p e r f o r m . )
REFERENCE SERUM TITRATION
F ig u re s  4» 5 and 6 show th e  r e s u l t s  o f  th e  t i t r a t i o n  o f  
a u to a n t ib o d y  p o s i t i v e  and n e g a tiv e  serum samples a g a i n s t  a  f ix e d  
microsomal e x t r a c t  d i l u t i o n ,  and th e  e f f e c t s  o f  d i f f e r e n t  d i l u e n t s  on 
th e  t i t r a t i o n  o f  th e  r e f e r e n c e  p o s i t i v e  serum.
F i g u r e  4 sh o w s  a  g o o d  resp o n se  fr o m  t h e  r e f e r e n c e  p o s i t i v e  
se r u m  ( E S ) ,  w i t h  a  l i m i t e d  r e s p o n s e  fr o m  t h e  r e f e r e n c e  n e g a tiv e  se r u m  
(R G ). F i g u r e s  5 a n d  6 i n d i c a t e  t h a t  t h e  a d d i t i o n  o f  n o n - re a c t in g  p r o te in  
i n  t h e  fo rm  o f  h o r s e  se r u m  h a s  a  n e g l i g i b l e  e f f e c t  o n  t h e  p o s i t i v e  
r e f e r e n c e  se ru m  t i t r a t i o n ,  w hereas t h e  a d d i t i o n  o f  hum an se r u m  t e n d s  
t o  g i v e  a n  e l e v a t e d  r e s p o n s e  a t  t h e  h i g h e r  d i l u t i o n s  o f  t h e  r e f e r e n c e  
p o s i t i v e  s e r u m . N o n - s p e c i f i c  i n t e r a c t i o n  o f  hum an IgG  w i t h  p o l y s t y r e n e  
m ay b e  r e s p o n s i b l e  f o r  t h i s  e f f e c t .
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io T o ta l
r a d i o a c t i v i t y
iDoimd
2 .
N e a t
(+)
(-)
N
D i l u t i o n  f a c t o r  o f  m ic r o s o m a l  e x t r a c t
w h e r e  d i l u t i o n  = 1 : 2 N
Fifflire 2
T i t r a t i o n  o f  t h y r o i d  m ic r o s o m a l  e x t r a c t  a g a i n s t  
f i x e d  d i l u t i o n s  o f  a n t i - m i c r o s o m a l  a .u t o a n t ib o d y  p o s i t i v e  ( + )  
a n d  n e g a t i v e  ( - )  se ru m  s a m p l e s ,  an d  o f  ^25l  a n t i b o d y ,  
( R e a c t i o n  v o lu m e s  1 m l)
% T otal
r a d io a c t iv ity
iDound
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r e p r e s e n t s  d u p l i c a t e  
r e s u l t s  i n  t h i s  an d  
a l l  s u b s e q u e n t  f i g u r e s
N e a t  1 2 3 4  5  6 7 8  9 1 0  11 12  1 3  I 4 I 5 N
D i l u t i o n  f a c t o r  o f  m ic r o s o m a l  e x t r a c t  
w h e r e  d i l u t i o n  = 1 : 2 ^
F i g u r e  3
T i t r a t i o n  o f  t h y r o i d  m ic r o s o m a l  e x t r a c t  a g a i n s t  f i x e d  
d i l u t i o n s  o f  a n t i - m i c r o s o m a l  a u t o a n t i h o d y  p o s i t i v e  ( + )  an d  
n e g a t i v e  ( —) se r u m  s a m p l e s ,  an d  o f  I2 5 l a n tib o d y .
( R e a c t i o n  v o lu m e s  O .^ m l) .
F i g u r e s  2 an d  3» s h o w in g  t h e  r e s u l t s  o f  p r e l i m i n a r y  
e x p e r i m e n t s ,  w e r e  c o n s t r u c t e d  b y  j o i n i n g  i n d i v i d u a l  p o i n t s ,  
o r  m ean s o f  d u p l i c a t e  p o i n t s .  I n  s u b s e q u e n t  f i g u r e s ,  t h e  
b e s t  s m o o th  l i n e  w a s d ra w n  t h r o u g h  t h e  p o i n t s  w h e r e v e r  i t  w a s  
c o n s i d e r e d  a p p r o p r i a t e  t o  d o  s o .
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5 -
( + )
(-)
10 7 6 4 3 N
D i lu t io n  f a c t o r  o f  serum 
where d i l u t i o n  = 1:5 x  10^
F ig u re  4
T i t r a t i o n  o f  a n t i - m i c r o s o m a l  a u t o a n t i b o d y  p o s i t i v e  ( + )  an d  
n e g a tiv e  ( - )  se ru m  s a m p le s  a g a i n s t  f i x e d  d i l u t i o n s  o f  m ic r o s o m a l  
e x t r a c t  an d  125% a n t i b o d y .
(T h e  t i t r a t i o n  o f  t h e  a n t i - m i c r o s o m a l  a u t o a n t i b o d y  n e g a t i v e  
se ru m  w a s  p e r f o r m e d  i n  d u p l i c a t e ,  b u t  o n e  s e t  o f  t u b e s  w a s l o s t  
d u r in g  t h e  f i n a l  w a s h in g  p r o c e d u r e .  The r e s u l t s  o f  t h i s  t i t r a t i o n  
w e r e  h o w e v e r  c o n f ir m e d  i n  a  l a t e r  e x p e r i m e n t . )
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3 -
1 —
A
D i lu t io n  f a c t o r  o f  serum sample 
where d i l u t i o n  = 1:5  x 10^ '^
F ig u re  5
T i t r a t i o n  o f  a n t i-m ic ro so m a l  
a u to a n t ib o d y  p o s i t i v e  serum sam p le , 
d i l u t e d  in  h o rse  serum, a g a i n s t  f ix e d  
d i l u t i o n s  o f  microsomal e x t r a c t  and 
 ^25I a n t ib o d y .
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iDGiind
3 -
2 "
1 -
4 N
D ilu t io n  f a c to r  o f  serum sample 
where d i l u t i o n  = 1 ;5 x 10^ ^
F ig u re  6
T i t r a t i o n  o f  a n ti-m ic ro so m a l a u to a n tib o d y  
p o s i t iv e  serum sam ple, d i lu te d  in  norm al human 
serum , a g a in s t  f ix e d  d i l u t io n s  o f  m icrosom al 
e x t r a c t  and 12^1 a n tib o d y .
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INVESTIGATION OF ASSAY CONDITIONS
a) Microsomal e x t r a c t  d i l u t i o n
In c r e a s in g  th e  c o n c e n t r a t i o n  o f  microsomal e x t r a c t  d id  n o t  
ap p ea r  to  produce an in c re a s e d  t i t r a t i o n  resp o n se  t o  th e  p o s i t i v e  and 
n e g a t iv e  r e f e r e n c e  s e r a  ( f i g u r e  7)* However, i t  i s  p o s s ib le  t h a t  a 
h ig h e r  c o n c e n tra t io n  o f  th e  e x t r a c t  m ight be n e c e s s a ry  to  d e t e c t  
h ig h e r  c o n c e n t r a t io n s  o f  a n t i  m icrosomal a u to a n t ib o d ie s  th a n  t h a t  o f  
th e  r e f e r e n c e  p o s i t i v e  serum ,
b) pH o f  a n t ig e n  im m ob il is ing  b u f f e r
The a s sa y  u s in g  im m o b il is a t io n  o f  a n t ig e n  i n  pH 7*4 FDS 
( b u f f e r  8) gave h ig h e r  b in d in g  r e s u l t s  ( f i g u r e  8) f o r  th e  p o s i t i v e  
r e f e r e n c e  serum th a n  d id  th e  a s sa y  u s in g  pH 9*6 b ic a r b o n a te / c a r b o n a te  
b u f f e r  ( b u f f e r  7)* However some d e c re a se  i n  th e  s lo p e  o f  th e  dose— 
re sp o n se  curve may be seen  a t  low d i l u t i o n s  o f  th e  r e f e r e n c e  p o s i t i v e  
serum w i th  th e  PBS im m o b il is a t io n  system . T h is  i s  no t seen  in  th e  
b ic a r b o n a te / c a r b o n a t e  system , and s u g g e s ts  t h a t  h ig h e r  a n t ig e n  d e n s i ty  
on th e  s o l id  phase may be ach ieved  by th e  use  o f  an a l k a l i n e  
im m o b il is a t io n  b u f f e r .
c) Number o f  washes
The r e s u l t s  dem onstra ted  in  f i g u r e  9 imply t h a t  betw een 1 and 6 
w ashes,  th e  n o n - s p e c i f i c  b in d in g  o f  th e  a s s a y  i s  independan t o f  th e  
number o f  washes u se d .
d and e) In c u b a t io n  t im es  f o r  a u to a n t ib o d y /a n t ig e n  and a n t ib o d y /
a u to a n t ib o d y  r e a c t io n s
The r e s u l t s  p re s e n te d  in  f i g u r e s  10 and 11 su g g e s t  t h a t  th e  
a u to a n t ib o d y /a n t ig e n  r e a c t i o n  and th e  a n t ib o d y /a u to a n t ib o d y
r e a c t i o n  a re  v i r t u a l l y  a t  e q u i l ib r iu m  a t  3 hours  and 18 hours  
r e s p e c t i v e l y .
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1 -
(+)
(-)
7 6 5 4 3 2 1 N
D i lu t io n  f a c t o r  o f  serum samples 
where d i l u t i o n  = 1:5  x 10^ ^
F ig u re  7
T i t r a t i o n  o f  an t i-m ic ro so m a l  a u to a n t ib o d y  p o s i t i v e  (+) 
and n e g a t iv e  ( - )  serum samples a g a in s t  f ix e d  microsomal 
a n t ig e n  and 125% a n t ib o d y  d i l u t i o n s .  (Microsomal e x t r a c t  
d i l u t i o n  = 1 : 125 )
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bound
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2 -
8 7 6 5 4 3 2 1 N
D i lu t io n  f a c t o r  o f  serum sam ples  
where d i l u t i o n  = 1:5 x 10
F ifm re  8
T i t r a t i o n  o f  an t im ic rosom al a u to a n t ib o d y  p o s i t i v e  serum 
sam ple , d i l u t e d  i n  phosphate  b u f f e r e d  s a l i n e  (PBS) o r  b ic a r b o n a te /  
c a rb o n a te  b u f f e r  (BB), a g a in s t  f ix e d  d i l u t i o n s  o f  microsomal 
e x t r a c t  and 125% a n t ib o d y .
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bound
4
Number o f  washes
F ig u re  9
E f f e c t  o f  v a ry in g  th e  number o f  wash c y c l e s ,  b e fo re  th e  
a n t ib o d y  in c u b a t io n ,  on th e  r a d io a s s a y  r e s u l t s ,  i n  th e  p resence  
o f  an an t i-m ic ro so m a l a u to a n t ib o d y  n e g a t iv e  serum sam ple.
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1 2 3
(-)
In c u b a t io n  tim e (Hours)
Fiffure 10
E f f e c t  o f  v a ry in g  tim e o f  in c u b a t io n  o f  a n t i -m ic ro so m a l 
an t ib o d y  p o s i t i v e  (+) and n e g a t iv e  ( - )  serum samples w ith  
microsomal e x t r a c t ,  on th e  r a d io a s s a y  r e s u l t s .
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In c u b a t io n  tim e (Hours)
FifTure 11
E f f e c t  o f  v a ry in g  tim e o f  in c u b a tio n  o f  a n t ib o d y
w ith  an t im ic ro so m al a u to a n tib o d y  p o s i t i v e  (+) and n e g a tiv e  ( - )  
serum sam ples ,  on th e  r a d io a s s a y  r e s u l t s .
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TITRATION OF ANTIBODY
The t i t r a t i o n  o f  a n t ib o d y  i s  shoim in  f ig u r e  12. The
b in d in g  l e v e l s  show l i t t l e  v a r i a t i o n  a t  th e  1^5% a n t ib o d y  d i l u t i o n s  
t e s t e d ,
STANDARDS
D i f f i c u l t i e s  w e r e  e n c o u n t e r e d  o n  a t t e m p t i n g  t o  c o n s t r u c t  a  
s t a n d a r d  c u r v e  u s i n g  se ru m  s a m p le s  p r e v i o u s l y  a s s a y e d  b y  h a e m a g g l u t i n a t i o n  
( f i g u r e  13) .  R e p e a t  h a e m a g g l u t i n a t i o n  a s s a y  o n  t h e  se r u m  s a m p le  w i t h  
a  p r e v i o u s  t i t r e  o f  1 : 3 2 0 ^  g a v e  a  r e v i s e d  r e s u l t  o f  1 : 8 o ^ .  I t  was n o t  
p o s s i b l e  t o  r e p e a t  t h e  h a e m a g g l u t i n a t i o n  a s s a y  o n  t h e  r e m a in i n g  s a m p l e s ,  
b u t  i t  was f e l t  t h a t  t h e r e  was a  c o n s i d e r a b l e  d e g r e e  o f  u n r e l i a b i l i t y
i n  t h e  r e p o r t e d  t i t r e s .
F ig u re  I 4 shows th e  e l u t i o n  o f  r e f e r e n c e  serum ES from th e  
CNBr Sepharose 4 ^ /microsomal a n t ig e n  column.
T h e e l u t i o n  o f  a u t o a n t i b o d i e s  fr o m  t h e  c o lu m n  i s  d e m o n s t r a t e d  
b y  t h e  a p p e a r a n c e  o f  a  p e a k  o n  a c i d  e l u t i o n  o f  t h e  c o lu m n , d e t e c t e d  b y  
t h e  r e a c t i o n  o f  t h e  e l u t e d ,  f r a c t i o n s  w i t h  t h e  m ic r o s o m a l  a n t i g e n .
The peak  seen  in  f r a c t i o n s  2 to  I 7 o f  th e  PBS e l u t i o n  p ro b a b ly  r e p re s e n ts
d e t e c t i o n  o f  a  n o n - s p e c i f i c  i n t e r a c t i o n  o f  non-autoimmune IgG w ith  
p o ly s ty r e n e .  When m onito red  by th e  absorbance a t  280nm, th e  e l u t i o n  
showed one p eak ,  f r a c t i o n s  3 — 12, w ith  no second peak  in  th e  a c id  
e l u a t e .
The immunoglobulin c o n c e n t r a t io n s  i n  the  a c id  e l u a t e  from th e  
a f f i n i t y  chrom atography column, and in  th e  microsomal e x t r a c t  a re  shown 
in  ta b le  VI,
T h e IgG  c o n t e n t  o f  t h e  e l u a t e  c o r r e s p o n d s  t o  a  se ru m  c o n c e n t r a t i o n  
o f  a p p r o x i m a t e l y  0 . 4  g / l
The immunoglobulin c o n c e n t r a t i o n s  su g g es t  th e  p re se n c e  o f  IgG 
and IgM in  th e  e lu a te  from th e  column, and a ls o  th e  p re sen ce  o f  IgM
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4 8 16 32 N21
D i l u t i o n  f a c t o r  o f  ^^5% a n tib o d y  w h e r e  
d i l u t i o n  = 1 :N x  1 0 0
Fiffure 12
T i t r a t i o n  o f  125% a n t i b o d y  a g a i n s t  f i x e d  d i l u t i o n s  
o f  m ic r o s o m a l  e x t r a c t  an d  a n t i - m i c r o s o m a l  a n t i b o d y  p o s i t i v e  
seru m  sample#
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10% 1o2 20% 8o2 320% 640% 1280%
MGHA t i t r e
F i ^ i r e  13
R e la tio n s h ip  betw een r a d io a s s a y  r e s u l t s  and r e p o r te d  
MGHA t i t r e .  I t  was c o n s id e re d  in a p p ro p r ia te  to  connec t th e  
p o in ts  due to  u n c e r ta in ty  o f  MGHA t i t r e s .  (See t e x t . )
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1OrQ
-P•H
.5
-P
8O•H
A
rHC3
-POEh
> 2 . 0 G lycine/H C l
e lu t io n
PBS
E lu t io n
3
2 1.0
CM
•P
1
10 15
t"»l-1 -t if-frif-it
35
lÀtefLJ
200 5 25 30 40
T o ta l e lu t io n  volume (m l)
F i . ^ r e  14
E lu tio n  o f  a n ti-m ic ro so m a l a u to a n tib o d y  p o s i t i v e  serum sample 
from CN Br-Sepiiarose/4B/m icrosom al e x t r a c t  im m unosorbent.
S o lid  l i n e  r e p re s e n ts  ra d io a s s a y  r e s u l t s
Broken l i n e  r e p re s e n ts  absorbance o f each f r a c t i o n ,  a f t e r  d i l u t i o n ,  
a t  210nm,
A bsorbances a t  210nm a f t e r  f r a c t i o n  .2 4  ' were below  th e  l i m i t  o f
d e te c t io n  (A210 = 0 .0 0 2 ) of. th e  sp e c tro p h o to m e te r .
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Table VI
Im m unoglobulin c o n te n t o f  a c id  e lu a te  from m icrosom al 
ex trac t/C N B r-S ep h aro se  4B colum n, and o f  th e  m icrosom al e x t r a c t .
Im m unoglobulin c l a s s __________  E lu a te  M icrosom al e x t r a c t
Im m unoglobulin G (m g /l)  86 -
Im m unoglobulin A (m g /l) -  -
Im m unoglobulin M (m g /l)  102 I 67
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in  th e  m icrosom al e x t r a c t .  I t  i s  te m p tin g  to  su g g e s t t h a t  th e  IgM 
e lu te d  from th e  im munosorbent was bound to  th e  m icrosom al e x t r a c t ,  and 
d id  n o t o r ig in a te  from th e  autoimmune serum . However, th e  w ashing 
p ro ced u re  used  in  th e  p r e p a ra t io n  o f th e  immunosorbent shou ld  have 
been  s u f f i c i e n t  to  remove any n o n -c o v a le n tly  bound m a te r ia l .
No IgG  w a s d e t e c t e d  i n  t h e  m ic r o s o m a l  e x t r a c t .  I t  w a s t h e r e f o r e  
c o n c l u d e d  t h a t  t h e  IgG  d e t e c t e d  i n  t h e  a c i d  e l u a t e  w a s  
a u t o a n t i b o d y  Ig G ,
I f  a  v a lu e  of':0»4 g / l  ( 4OO m f^/l'iis a ss ig n e d  as th e  a u to a n tib o d y
■ - - '    _ —  - _ •»-^/ /
c o n c e n tr a t io n  to  p o s i t i v e  re fe re n c e  serum SS, c o n c e n tra t io n  v a lu e s  can  
be a s s ig n e d  to  th e  d i l u t i o n s  o f  th e  serum used  in  th e  a s s a y ,  as shown 
in  t a b le  V II .
The r a d io a s s a y  r e s u l t s  o b ta in e d  on s u b je c t in g  th e  r e fe re n c e  
n e g a t iv e  serum to  a f f i n i t y  chrom atography fo llo w ed  by r a d io a s s a y  a re  
shown in  f ig u r e  15 .
No IgG was d e te c te d  in  th e  e lu a te  by th e  r a d io a s s a y  m ethod.
No IgG w a s d e t e c t e d  i n  t h e  im m u n o g lo b u l in  p r e p a r a t i o n ,  b y  im m u n o d i f f u s io n .  
A t r a c e  o f  IgM w as o b s e r v e d ,  b u t  t h e  c o n c e n t r a t i o n  was t o o  lo w  t o  b e  
m e a s u r a b le  b y  im m u n o d i f f u s io n .
PRECISION
The w ith in -a s s a y  p r e c i s io n  ( c o e f f i c i e n t  o f  v a r i a t i o n ) ,  when 
a s s e s s e d  a t  one serum d i l u t i o n  as  d e s c r ib e d ,  was 4 . 8 / ,  w hich was 
c o n s id e re d  adequa te  f o r  t h i s  ty p e  o f  a s s a y . The b e tw ee n -a ssay  c o e f f i c i e n t  
o f  v a r i a t i o n ,  a s s e s se d  on 7 s e p a ra te  a s sa y s  perform ed  on 3 days 
s e p a ra te d  by 1 week in t e r v a l s  was 2 2 .7 / .  The b e tw ee n -a ssay  p r e c i s io n  
o f  6 s e p a ra te  a s sa y s  perform ed on th e  same day , was 9 .0 /  ( c o e f f i c i e n t  
o f  v a r i a t i o n ) .
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T able V II
R e la tio n sh ip  betw een p o s i t iv e  re fe re n c e  serum (ES) 
d i l u t i o n s  and a u to a n tib o d y  c o n c e n tr a t io n s .
Serum A u toan tibody
D i l u t i o n   C o n c e n tra tio n s
1:50 400 m g/l
1:500 40 m g/l
1:5000 4 m g/l
1 :5  X 1q4 400 ^ g / i
1 :5  X 1o5 40 |ig / l
1 :5  X 10^ 4 l ig / l
1 :5  X 10^ 400 n g / l
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0^ Total
r a d io a c t iv i t y
bound
G lycine/H C l e lu t io n0,6  -
0 . 2-
20 3525 30 4015
T o ta l e lu t io n  volume (ml)
F ig u re  15
G lycine/H G l e lu t io n  o f  an ti-m ic ro so m a l a u to a n tib o d y  
n e g a tiv e  serum sample from CNBr-Sepharose ;'4B/microsomal 
e x t r a c t  im m unosorbent.
R ad io assay  r e s u l t s  o n ly  a re  shoxm.
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DISCUSSION
The a n t ig e n ,  r e fe re n c e  serum and a n tib o d y  t i t r a t i o n  r e s u l t s
su g g es ted  th a t  an a s s a y  may be c o n s tru c te d  such t h a t  a u to a n tib o d ie s  to  
th e  m icrosom al a n t ig e n  may be d e te c te d .  E xperim ents on th e  a s sa y  
c o n d it io n s  su g g es ted  t h a t  th e  in c u b a tio n  p e r io d s  and wash p ro c e d u re s  
were adequa te  f o r  m axim ising th e  p o s i t i v e  re sp o n se  w h i ls t  m in im isin g  
n o n - s p e c if ic  p ro te in -p o ly s ty r e n e  in t e r a c t io n s .  The a n t ig e n  im m o b ilis a tio n  
tim e was no t s p e c i f i c a l l y  t e s t e d .  However, P esce e t  a l .  ( l2 9 )  have 
su g g ested  th a t  a  c o a t in g  tim e o f  2 to  6 h o u rs  i s  n e c e ss a ry  f o r  90% 
s a tu r a t io n  o f  th e  s o l id  phase to  o c c u r , bu t t h a t  24 h ou rs  was th e  
op tim a l c o a t in g  t im e .
I n v e s t ig a t io n s  in to  th e  use o f  a  c a l i b r a t i o n  system  f o r  th e  
a s s a y  su g g es ted  t h a t  th e  use o f  serum sam ples p re v io u s ly  assay ed  by 
h a e m a g g lu tin a tio n  was n o t a  s u i t a b le  method o f c a l i b r a t i o n .  A ssessm ent 
o f  h ae m a g g lu tin a tio n  a s s a y  r e s u l t s  i s  s u b je c t iv e  and la c k s  p r e c i s io n .
In  t h i s  la b o ra to r y  TGHA t i t r e s ,  re p o r te d  on a  s in g le  sam ple, have 
v a r ie d  by as  much as  f o u r - f c ld  ( i e .  1:40  to  1 :l6 o )  betw een o b se rv e rs  
an d , in  a b l in d  t r i a l ,  a  s in g le  sample was a s s e s se d  by a  s in g le  
o p e ra to r  and o b se rv e r  to  have TGHA t i t r e s  o f  1 :8 0 , 1 :l6 0  and 1 :320 
when assay ed  10 tim es  in  one a s s a y .  The use o f  T a k a ts i  m icro  d i l u t o r s  
in  th e  perform ance o f  h a e m a g g lu tin a tio n  a ssa y s  im p a irs  th e  p r e c i s io n  
o f  th e  method; t h i s  i s  p a r t i c u l a r l y  im p o rtan t in  h a e m a g g lu tin a tio n  
a s s a y s , where v e ry  h ig h  d i l u t i o n s  a re  in v o lv e d .
The resp o n se  m onito red  in  h a e m a g g lu tin a tio n  a s sa y s  i s  d is c o n t in o u s .  
Thus, s in c e  s e r i a l  tw o -fo ld  d i l u t i o n s  a re  u se d , th e  p o t e n t i a l  in a c c u ra c y  
o f  any r e s u l t  i s  betw een 0 and + 100^.
91
The co m bination  o f  s u b je c t iv e  e n d -p o in t a s se s sm e n t, im p re c is io n  
and in a c c u ra c y  may accoun t f o r  th e  poo r c a l i b r a t i o n  curve shown in  
f ig u r e  13.
The e x t r a c t io n  o f  a u to a n t ib o d ie s  by a f f i n i t y  chrom atography 
was in v e s t ig a te d .  S im ila r  p ro c e d u re s  have been p re v io u s ly  re p o r te d  
( 130 , 175) .  D i lu t io n s  o f  th e  a u to a n tib o d y  p re p a r a t io n  in  norm al 
(non-autoim m une) serum m ight a llo w  th e  developm ent o f  a  u se a b le  
C a l ib r a t io n  c u rv e . However, p u r i t y  o f th e  a n t ig e n ,  a n d /o r  absence o f 
th y ro g lo b u lin  a u to a n t ib o d ie s  from  th e  autoimmune serum used  to  p re p a re  
th e  s ta n d a rd s  a re  req u ire m en ts  o f  t h i s  p ro c e d u re . I t  was e s ta b l i s h e d  
a s  f a r  a s  p o s s ib le  t h a t  th e  serum used  was f r e e  from  th y ro g lo b u lin  
a u to a n t ib o d ie s .  C on tam ina tion  o f  th e  m icrosom al e x t r a c t  co u ld  n o t be 
d isp ro v e d  a t  t h i s  p o in t  in  th e  s tu d y . T h e re fo re  th e  p u r i t y  o f  th e  
a u to a n tib o d y  p re p a ra t io n  rem ained q u e s t io n a b le .  T h is  a s p e c t o f  th e  
s tu d y  w i l l  be exam ined f u r th e r  in  C h ap te r 4*
The use o f  mass c o n c e n tr a t io n  c a l ib r a t i o n  c u rv e s  in  l a b e l le d  
a n tib o d y  a ssa y s  f o r  th e  q u a n t i t a t io n  o f  a n t ib o d ie s  h as  been q u e s tio n e d  
( 131 , 132) ,  A ntibody a v i d i t i e s  o f  d i f f e r e n t  s e r a  a re  g e n e r a l ly  n o t 
i d e n t i c a l ,  so n o n -p a ra l le l is m  o f  d o se -re sp o n se  c u rv e s  may be e n c o u n te re d . 
A d d it io n a l ly ,  c o n c e n tra t io n  ra n g e s  may, a s  in  t h i s  s tu d y , ex ten d  over 
s i x  lo g io  d i l u t i o n s ,  making a c c u ra te  and p r e c i s e  q u a n t i t a t io n  d i f f i c u l t ,  
Nineham e t  a l ,  ( l 2 l )  used  such a  c a l i b r a t i o n  c u rv e , a lth o u g h  
p a r a l le l i s m  o f d o se -re sp o n se  c u rv e s  was no t p ro v en .
The m ajor te c h n ic a l  l i m i t a t i o n s  o f  the  ra d io a s s a y  developm ent
w ere:
i )  Poor b e tw ee n -a ssay  p r e c i s io n
A lthough w ith in -a s s a y  p r e c i s io n  and b e tw e e n -a ssa y  p r e c i s i o n ,  
m easured in  c o n c u rre n t a s s a y s ,  were judged to  be a d e q u a te , th e
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b e tw ee n -assay  p r e c i s io n ,  when a s s e s se d  over a  p e r io d  o f  th r e e  w eeks, 
was p o o r.
S ince th e  a s sa y  c o n d i t io n s  were c a r e f u l ly  c o n t r o l le d ,  and th e  
^25 j a n tib o d y  was th e  o n ly  f a c t o r  in  th e  a ssa y  w hich was known to  
d e t e r io r a t e  w ith  tim e (shown by th e  r e s u l t s  o f  p u r i f i c a t i o n  p ro c e d u re s ) ,  
i t  was f e l t  t h a t  t h i s  was th e  p ro b a b le  cause  o f  th e  u n a c c e p ta b ly  h ig h  
w eek-to -w eek , betxveen-assay  v a r ia t io n #
The c o e f f i c i e n t  o f v a r i a t i o n  r e s u l t  o f  22.7%» o b ta in e d  in  th e  
fo rm al t r i a l  o f  lo n g -te rm  b e tw ee n -a ssay  p r e c i s io n  d id  n o t f u l l y  r e f l e c t  
th e  poor lo n g -te rm  p r e c i s io n  o f  th e  m ethod. S e v e ra l ex p erim en ts  were 
n e c e s s a r i ly  abandoned because o f  g ro s s  b e tw ee n -assay  im p re c is io n .
As a  d i r e c t  consequence o f  th e  poor b e tw ee n -assay  p r e c i s io n  
o f  th e  m ethod, i t  was n o t p o s s ib le  to  perfo rm  ex p erim en ts  to  d e te rm in e  
th e  s p e c i f i c i t y  and s e n s i t i v i t y  o f  th e  m ethod.
In  th e  c l a s s i c a l  IRMA m ethodology (1 2 3 ) , th e  a n t ib o d ie s  to  be 
la b e l l e d  a re  im m obilised  on an a n t ig e n /s o l id - p h a s e  immunosorbent 
p r io r  to  th e  l a b e l l i n g  p ro c e d u re . A f te r  l a b e l l i n g ,  th e  r e a g e n ts  may 
e a s i l y  be removed, and th e  l a b e l le d  a n tib o d y  may be s to re d  bound to  
th e  im m unosorbent, to  be e lu te d  a s  r e q u ire d  f o r  each  a s s a y .  T h is  
p ro ced u re  e n su re s  t h a t  o n ly  im m unoreactive a n t i to d y  i s  used  in  th e  a s s a y .
A n tib o d ie s  l a b e l le d  w h ile  bound to  immunosorbent a re  r e p o r te d  
to  be s ta b le  u nder a  v a r i e ty  o f  io d in a t io n  c o n d i t io n s ,  b u t c a r e f u l  
r a d io io d in a t io n  te c h n iq u e  i s  e s s e n t i a l  f o r  s t a b i l i t y  o f  th e  p ro d u c t 
on s to ra g e  (123 , 125, 133). The s o lid -p h a s e  l a b e l l i n g  te c h n iq u e  a llo w s  
th e  s e l e c t io n  o f  h i g h - a f f i n i t y  undamaged a n tib o d y  m o lecu les  (123 , 125, 133).
De C arvalho  e t  a l .  ( l3 4 )  have r e c e n t ly  d e s c r ib e d  an  a s s a y  f o r  
a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  in  c h ic k e n s , w hich has seme 
s i m i l a r i t i e s  to  t h a t  d e sc r ib e d  in  t h i s  c h a p te r  and to  th e  a s s a y  f o r  
a n t ig lo b u l in s  d e s c r ib e d  by Nineham e t  a l .  (1 2 1 ) . However, a  s o l i d -  
phase  l a b e l l i n g  method was u s e d , and th e  b e tw ee n -a ssay  c o e f f i c i e n t  o f 
v a r i a t i o n  f o r  th e  d e te rm in a tio n  o f IgG a u to a n t ib o d ie s  was r e p o r te d
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to  b e  4 .8 % . T h i s  i s  a  m ore a c c e p t a b l e  f i g u r e  t h a n  t h a t  o b s e r v e d  i n  t h e  
c u r r e n t  s t u d y .
I n  t h e  m e th o d  o f  N in eh a m  e t  a l .  ( 1 2 1 )  f o r  t h e  measurement o f  
a n t i g l o b u l i n s ,  t h e  ^25% a n tib o d y  w a s p r e p a r e d  i n  a  l i q u i d - p h a s e  
sy stem . H o w e v e r , t h e  l a b e l l e d  a n tib o d y  p re p a ra t io n  w a s s t o r e d  a t  -20°C . 
T h e p r e c i s i o n  o f  t h e  m e th o d  w a s  r e p o r t e d  a s  0 . 1 1 ,  " c o e f f i c i e n t  o f  
v a r i a n c e " .  C a lc u la t io n  o f  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  fr o m  t h e  
f i g u r e s  p r e s e n t e d  s u g g e s t s  t h a t  t h i s  f i g u r e  i s  o f  t h e  o r d e r  o f  8 / .
i i )  B i n d i n g  l e v e l s / c o u n t i n g  t i m e s  .
T he b i n d i n g  l e v e l s  o b t a i n e d  i n  a l l  e x p e r im e n t s  i n  t h i s  c h a p t e r  
d i d  n o t  e x c e e d  1 0 /  o f  t h e  t o t a l  r a d i o - a c t i v i t y  added. A lt h o u g h  g o o d  
d i f f e r e n t i a t i o n  o f  p o s i t i v e  an d  n e g a t i v e  r e s p o n s e s  w a s o b s e r v e d ,  t h e  
lo w  b i n d i n g  l e v e l s  e n t a i l e d  long  c o u n t i n g  t i m e s  t o  e n s u r e  g o o d  
c o u n t i n g  p r e c i s io n .
In c re a se d  b i n d i n g  l e v e l s  w i t h  a  c o n c u r r e n t  d e c r e a s e  i n  c o u n t i n g  
t im e  m ig h t  h a v e  b e e n  a c h i e v e d  w i t h  t h e  use  o f  a n t ig e n  c o v a l e n t l y  
b o u n d  t o  t h e  s o l i d  p h a se , and a n  im p r o v e d  l a b e l l i n g  te c h n iq u e  a s  
o u t l i n e d  i n  ( i )  above.
i i i )  Washing p r o c e d u r e s  w i t h  co a te d  t u b e s  t e n d  t o  b e  cu m b e rso m e  a n d  
t im e  c o n s u m in g ,  e s p e c i a l l y  w i t h o u t  t h e  u s e  o f  s e m i - a u t o m a t e d  e q u ip m e n t  
such  a s  r e p e a t i n g  d is p e n s e r s .
A lt h o u g h  t h i s  s t u d y  w a s s u c c e s s f u l  i n  t h a t  i t  w a s  sh ovm  t h a t  
i n  v i t r o  l a b e l l e d  a n t i b o d y  te c h n iq u e s  c o u l d  b e  a p p l i e d  t o  t h e  
d e t e c t i o n  o f  t h y r o i d  a u t o a n t i b o d i e s ,  n e i t h e r  o f  t h e  m a jo r  a d v a n t a g e s  
o f  l a b e l l e d  a n t i b o d y  m e th o d s  ( i n c r e a s e d  s p e c i f i c i t y  a n d  s e n s i t i v i t y )  
c o u l d  b e  t e s t e d  d u e  t o  t h e  l i m i t a t i o n s  o f  t h e  m e th o d  u s e d .  I t  a p p e a r e d  
t h a t  txfo  a l t e r n a t i v e  a p p r o a c h e s  w e r e  t h e r e f o r e  o p e n  f o r  t h e  c o n t i n u a t i o n  
o f  t h i s  s t u d y :  a )  t h e  u s e  o f  t h e  ra d io a s s a y  a l re a d y  d e v e l o p e d ,  b u t
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w i t h  c o v a l e n t l y  h o u n d  a n t i g e n  an d  w i t h  a n tib o d y  p r e p a r e d  u s i n g  a
s o l i d  p h a s e  l a b e l l i n g  m e t h o d ,  b )  t h e  r e p l a c e m e n t  o f  t h e  ra d io  l a b e l  
w i t h  an a l t e r n a t i v e  l a b e l ,  s u c h  a s  a n  e n z y m e . ■ ,
S i n c e  m e th o d  ( b )  w a s a lre a d y  a v a i l a b l e  i n  t h e  fo r m  o f  t h e  
i n d i r e c t  ELISA method f o r  a n t i b o d i e s  (1 3 5 ) , i t  w a s  f e l t  t h a t  t h e  
ELISA m e th o d  m ig h t  b e  m ore s u i t a b l e  t o  th e  s t u d y  o f  t h y r o i d  a u t o ­
a n t i b o d i e s ,  E k in s  ( 124) h a s  su g g es ted  t h a t  t h e  u s e  o f  a l t e r n a t i v e  
l a b e l s  s u c h  a s  e n z y m e s  m ight b e  a d v a n t a g e o u s  i n  l a b e l l e d  an tib o d y  
a s s a y s .
T h e u s e  o f  an e n z y m e - l a b e l l e d  a n t i - i m m u n o g l o b u l i n  a n t i s e r u m  
i n  p l a c e  o f  125% l a b e l l e d  a n t i b o d y  w a s  a l s o  s u g g e s t e d  i n  t h e  a s s a y  f o r  
a n t i g l o b u l i n s  d e s c r ib e d  b y  N in eh a m  e t  a l .  (1 2 1 ).
I n  o r d e r  t o  c o n t i n u e  t h i s  s t u d y ,  i t  w a s t h e r e f o r e  d e c i d e d  t o  
i n v e s t i g a t e  t h e  u s e  o f  a n  en zy m e l a b e l l e d  a n t i b o d y  p r e p a r a t io n .  I n  
v i e w  o f  t h e  r e p o r t e d  co n tam in a tio n  o f  m ic r o s o m a l  p re p a ra t io n s  b y  
t h y r o g l o b u l i n ,  t h e  n e x t  p h a s e  o f  t h e  ,s t u d y  w a s  c a r r i e d  o u t  u s i n g  t h e  
t h y r o g l o b u l i n  a n t i g e n / a u t o a n t i b o d y  s y s t e m  i n  w h ic h  i t  was c o n s id e re d  
t h a t  t h e  a n t i g e n  would b e  more e a s i l y  produced  i n  a  p u r i f i e d  fo r m .
T he p u r i t y  o f  t h e  m ic r o s o m a l  a n t ig e n  w a s ,  h o w e v e r ,  in v e s t ig a te d  
a t  a  l a t e r  s t a g e ,  t o  b e  p re s e n te d  i n  C h a p te r  4*
95
CHAPTER I I I
THE DETECTION OF ANTI-THYROGLOBULIN 
AUTOANTIBODIES USING ELISA
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INTRODUCTION
RADIOISOTOPE AND ENZYME LABELS IN  IMMUNOASSAYS
The use  o f  r a d io la b e l s  in  immunoassays has c e r t a in  l i m i t a t i o n s ,  
as  fo llo w s  ( 136 , 157)
i )  R a d io iso to p e s  and com m ercia lly  a v a i la b le  i s o to p i c a l ly  la b e l l e d  
compounds a re  u s u a l ly  e x p e n s iv e .
i i )  Complex and ex p en siv e  equipm ent i s  n e c e ssa ry  f o r  e n d -p o in t 
q u a n t i t a t io n .
i i i )  I s o to p ic a l ly  l a b e l le d  compounds have a s h o r t  s h e l f - l i f e ,  b ecause  
o f  th e  h a l f - l i f e  o f th e  r a d io is o to p e  and r a d ia t io n  damage' to  th e  
la b e l l e d  m o lecu le . R ad io io d in e  l a b e l l i n g  u s in g  o x id is in g  r e a g e n ts  
may a ls o  damage th e  m olecule ( l2 5 )
iv )  S p e c ia l s a f e ty  m easures a re  r e q u ir e d  to  p r o te c t  th e  u s e r  d u r in g  
h a n d lin g  o f r a d io i s o to p e s ,  and to  p r o te c t  th e  g e n e ra l p o p u la tio n  in  
th e  d is p o s a l  o f  r a d io a c t iv e  w a s te .
R a d io la b e ls  may, how ever, have advan tag es  ov er o th e r  l a b e l s ,  
p a r t i c u l a r l y  in  th e  sp eed , s e n s i t i v i t y ,  a ccu racy  and au to m atio n  o f  
t h e i r  d e te c t io n  ( l2 3 ) .  H ales and Woodhead ( l2 5 )  have su g g es ted  t h a t  
^25 Io d in e  i s  n o t a dangerous is o to p e  in  th e  q u a n t i t i e s  used  in  
im munoassays, and th a t  a n t ib o d ie s  l a b e l l e d  w ith  ^ ^ ^ lo d in e  a re  
s u f f i c i e n t l y  s ta b le  t h a t  p re p a ra t io n  o f  f r e s h  re a g e n t i s  n e c e ss a ry  
on ly  2 to  3 tim es  a y e a r .  However, i t  sho u ld  be n o te d  th a t  c a r e f u l  
s to ra g e  o f th e  la b e l l e d  a n t ib o d ie s  on an immunosorbent i s  a p re ­
r e q u i s i t e  f o r  such s t a b i l i t y ,  w ith  e lu t io n  o f  s u f f i c i e n t  l a b e l  f o r  
each  assay .
E k ins ( 124 ) has su g g es ted  th a t  th e  s e n s i t i v i t y  o f  l a b e l l e d  
a n tib o d y  m ethods may be in c re a s e d  by th e  use  o f  n o n - is o to p ic  l a b e l s ,  
p a r t i c u l a r l y  i f  h ig h e r  s p e c i f i c  a c t i v i t y  compounds may be p re p a re d  
w ith  n o n - is o to p ic  l a b e l s .
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E n zy m e-lab e lled  a n t ig e n s  and a n t ib o d ie s  a re  s ta b le  on 
s to ra g e  ( 136 , 157 )*L y o p h ilis e d  en zy m e-lab e lle d  p r e p a ra t io n s  may be 
s ta b le  i n d e f i n i t e l y  ( l5 7 )*  They a re  r e l a t i v e l y  e a s i l y  p re p a re d , and 
g e n e ra l ly  pose no h e a l th  r i s k  in  u se  o r d is p o s a l  ( l 37 )* I t  sh o u ld , 
how ever, be n o te d  th a t  some s u b s t r a te s  have been  r e p o r te d  to  be 
m utagenic ( I 38) .  The e n d -p o in t may be q u a n t i ta t e d  by a sim ple 
in e x p en siv e  c o lo r im e te r  o r  au tom ated  equ ipm ent. In  some c a s e s ,  
v is u a l  in s p e c t io n  i s  adequa te  to  a s s e s s  a ssa y  r e s u l t s .
ENZYM E-LIM ED nflM OSOKBEHT ASSAY (E L IS A )
The ?/ork p re s e n te d  in  t h i s  and subseq u en t c h a p te rs  w i l l  be 
concerned  w ith  th e  u se  o f  th e  i n d i r e c t  ELISA p ro ced u re  (135» 13&)* 
O ther ty p e s  o f ELISA (eg . c o m p e tit iv e ,  double an tib o d y  sandw ich, 
i n h ib i t i o n )  and o th e r  enzyme immunoassays (e g . th e  enzyme m u l t ip l ie d  
immunoassay te ch n iq u e  (EMIT)) w i l l  n o t be d is c u s s e d .
W ith th e  in t ro d u c t io n  o f  th e  i n d i r e c t  ELISA p ro ced u re  (135» 
136) ,  th e  d e te c t io n  and m easurem ent o f  a n t ib o d ie s  has been  f a c i l i t a t e d ,  
However, th e  method has n o t been  w id e ly  a p p lie d  to  th e  a ssa y  o f  
a u to a n t ib o d ie s .  A ssays f o r  a u to a n tib o d ie s  to  DNA (139) and h is to n e  
(140) have been  r e p o r te d .  Rheum atoid f a c t o r  ( 141 ) and immune 
com plexes ( 142) may a ls o  be d e te c te d  by ELISA.
I t  was c o n s id e re d  t h a t  th e  ELISA m ethodology o f f e r e d  c e r t a in  
ad van tages  over th e  r a d io a s s a y  method d e s c r ib e d  in  c h a p te r  2 , 
p a r t i c u l a r l y  w ith  r e s p e c t  to  th e  s t a b i l i t y  o f  th e  l a b e l l e d  a n tib o d y  
p re p a ra t io n .
The i n d i r e c t  ELISA p ro ced u re  f o r  a n tib o d y  s tu d ie s  c o n s i s t s  
o f  th e  fo llo w in g  s te p s :
(1 ) Im m o b ilisin g  th e  a n t ig e n  on an in s o lu b le  m a tr ix .
(2 ) E x te n s iv e  w ashing  to  remove unbound m a te r ia l .
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(5 ) In c u b a tin g  th e  im m obilised  a n t ig e n  w ith  th e  t e s t  serum (an tib o d y )
(4 ) R ep ea tin g  s te p  2 .
( 5 ) In c u b a tin g  th e  s o lid -p h a s e  a n t ig e n -a n t ib o d y  complex w ith
enzyme la b e l l e d  a n t i - s p e c ie s  im m unoglobulin a n tib o d y .
( 6 )  R e p e a t i n g  s t e p  2 .
(7 ) Adding s u b s t r a te  to  th e  complex and m o n ito rin g  th e  enzyme 
r e a c t io n ,  g e n e ra l ly  by means o f  a c o lo u r  change.
(1 ) A ntigen  Im m o b ilisa tio n
The most commonly u sed  im m o b ilis a tio n  system  i s  p a s s iv e  
a d s o rp tio n  o f  th e  a n t ig e n  in  a high-pH  b u f f e r  on to  th e  w e lls  o f 
p o ly s ty re n e  o r p o ly v in y l m i c r o t i t r e  p la te s  (145» 1 4 4 ). P a ss iv e  
a d s o rp tio n  on to  p o ly s ty re n e ,  p o ly v in y l ,  p o ly p ro p y le n e , p o ly c a rb o n a te , 
s i l i c o n e  ru b b e r  o r  g la s s  b e a d s , d is c s  and t e s t  tu b e s  ( l4 5 )  has been  
u se d , and c o v a le n t bond ing  to  p a r t i c l e s  o f  c e l lu lo s e ,  a g a ro s e , 
p o ly acry lam id e  ( l4 5 )  and n y lo n  ( 146 ) have a ls o  been  u se d . The work 
p re s e n te d  in  t h i s  c h a p te r  r e l a t e s  e n t i r e l y  to  th e  u se  o f  m ic r o t i t r e  
p la te s  as th e  s o l id  p h a se .
A lthough "b leed in g "  o f  p a s s iv e ly  adso rbed  p r o te in s  from  th e  
s o l id  phase d u r in g  th e  ELISA p ro ced u re  has been  n o te d  (l4 5 )»
P arso n s ( l4 7 )  in  e x te n s iv e  s tu d ie s  has shovm th a t  i t  i s  v e ry  d i f f i c u l t  
to  remove a n t ib o d ie s  co m p le te ly  from  p l a s t i c  s u r f a c e s ,  even a f t e r  
e x te n s iv e  d e g ra d a tio n .
C oating  p ro ced u re  i s  r e p o r te d  to  be la r g e ly  u n a f fe c te d  by 
v a r ia t io n s  in  io n ic  s t r e n g th  ( 119) b u t ap p ea rs  to  be im proved 
w ith  in c re a s e  in  te m p era tu re  (148 ) .
The mechanism o f th e  a d s o rp tio n  p ro c e ss  i s  s t i l l  u n c le a r ,  b u t 
i s  s a id  to  depend on hydrophobic in t e r a c t io n s  betw een n o n -p o la r
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p r o te in  s u b s t ru c tu r e s  and n o n -p o la r  p l a s t i c  m a tr ic e s  ( l4 5 )*  Z eta 
o r  e l e c t r o k i n e t i c  p o te n t i a l s  may a ls o  be in v o lv ed  ( 149)* The non­
s p e c i f i c  a d s o rp tio n  o f th e  t e s t  serum p ro te in s  and a n a l y t i c a l  
an tibody/enzym e co n ju g a te  in  th e  subseq u en t s ta g e s  o f  th e  a ssa y  must 
be p re v e n te d  a s  f a r  as  p o s s ib le .  Such a d s o rp tio n  i s  m inim ised by th e  
use  o f n o n - io n ic  d e te rg e n t  in  w ashing and in c u b a tio n  seq u en ces .
C an ta re ro  e t  a l .  ( l5 0 )  showed th a t  th e  p ro p o r t io n  o f p r o te in  
p a s s iv e ly  ad so rbed  to  p o ly s ty re n e  i s  indep en d en t o f  m o lecu la r w e ig h t, 
and amount o f p r o te in ,  up to  Ifig . They su g g es ted  th a t  a t  le v e ls  
h ig h e r  th an  t h i s ,  p ro t e in - p r o t e in  r a t h e r  th a n  p ro t e in -p o ly s ty re n e  
in te r a c t io n s  were ta k in g  p la c e .  Lehtonan and V ilja n e n  (151) observ ed  
t h a t ,  w ith  low a n t ig e n  d e n s i ty ,  h ig h e r  abso rb an ces  were o b ta in e d  from  
low a v id i ty  a n t ib o d ie s ,  and su g g es ted  th a t  h ig h  a n t ig e n  d e n s i ty  may 
g iv e  r i s e  to  in c re a s e d  "b le e d in g "  (152 ) .  The u se  o f  c o v a le n t a tta ch m en t 
ap p ea rs  to  in c re a s e  p r o te in  a ttach m en t to  p l a s t i c  (152 ) .  T reatm ent 
o f  th e  p l a s t i c  w ith  a lo n g -c h a in  a l i p h a t i c  p rim ary  amine o r  diam ine 
to g e th e r  w ith  g lu ta ra ld e h y d e  i s  r e p o r te d  to  in c re a s e  th e  b in d in g , as  
i s  p re - tr e a tm e n t o f  a n t ib o d ie s  w ith  g lu ta ra ld e h y d e  ( 147) .
(2 ) W ashing
N o n -sp e c if ic  b in d in g  o f t e s t  and a n a l y t i c a l  p r o te in s  on to  th e  
p l a s t i c  s u r fa c e s  i s  m in im ised  by th e  use  o f  n o n - io n ic  d e te r g e n ts  in  
th e  wash s o lu t io n s ,  Tween-20 and T r i to n  X-100 a re  th e  most commonly 
u sed  d e te r g e n ts ,  in c o rp o ra te d  a t  0 .05  p e r  c e n t in to  th e  wash s o lu t io n ,  
g e n e ra l ly  p h y s io lo g ic a l  s a l in e  w ith  o r  w ith o u t phosphate  b u f f e r in g  to  
m a in ta in  a n e a r  n e u t r a l  pH (156 , 1 4 5 ). The w ashing p ro ced u re  c o n s i s t s  
o f  f lo o d in g  th e  e n t i r e  m ic r o t i t r e  p la te  w ith  s o lu t io n  ( a f t e r  rem oval 
o f r e a c ta n t s )  so ak in g  f o r  two to  th r e e  m in u te s , and p o u rin g  th e  s o lu t io n  
away to  w a s te . T h is may be re p e a te d  two o r th re e  t im e s , fo llo w e d  by 
d ra in a g e  o f th e  in v e r te d  p la te  on a b so rb e n t m a te r ia l  ( I 56 , 145 ) .
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($) T es t serum in c iib a tio n
The serum under in v e s t ig a t io n  i s  d i l u te d ,  u s u a l ly  w ith  th e  
wash s o lu t io n  to  av o id  n o n - s p e c if ic  b in d in g , to  an a p p ro p r ia te  l e v e l  and 
in c u b a te d  in  c o n ta c t  w ith  th e  im m obilised  p ro te in  ( a n t ig e n ) .  The 
serum d i l u t io n  g iv in g  an optimum re sp o n se  and d is c r im in a t io n  betw een 
p o s i t iv e  and n e g a t iv e  sam ples must be a s c e r ta in e d  by t r i a l .  The 
p o s i t iv e  to  n e g a t iv e  r a t i o  sho u ld  be a t  l e a s t  5 :1  ( 156) .  Prozone 
e f f e c t s  must a ls o  be av o ided  (136 ) .  The a n tib o d y -a n tig e n  r e a c t io n  i s  
dependant on tim e and te m p era tu re  (136 , 153)> so th e se  f a c to r s  shou ld  
be o p tim ise d , p a r t i c u l a r l y  in  q u a n t i t a t iv e  o r s e m i-q u a n ti ta t iv e  
p ro c e d u re s .
(5 ) E n zy m e-lab e lled  a n tib o d y  in c u b a tio n
The c o n ju g a te  i s  d i lu te d  w ith  wash s o lu t io n  to  an a p p ro p r ia te  
le v e l  and in c u b a te d  in  c o n ta c t  w ith  th e  a n t ib o d y -a n t ig e n - s o l id  phase 
com plex. The d i l u t i o n  o f c o n ju g a te , tim e and te m p era tu re  o f  in c u b a tio n  
sh o u ld  be o p tim ise d  (156 , 155) .
(7 ) S u b s tra te  a d d i t io n  and e n d -p o in t measurement
The s u b s t r a te  a t  a p p ro p r ia te  d i l u t i o n  in  a p p ro p r ia te  b u f f e r  
i s  added and th e  enzyme r e a c t io n  a llov /ed  to  co n tin u e  u n t i l  th e  c o lo u r  
i s  judged  ad equa te  v i s u a l ly ,  o r  has reac h ed  a p red e te rm in ed  abso rbance  
f o r  a known p o s i t iv e  sam ple.
The e n d -p o in t c o lo u r  may be s u b je c t iv e ly  a s s e s s e d ,  o r  
q u a n t i ta te d  by means o f a c o lo r im e te r ,  sp ec tro p h o to m e te r  o r  f lu o r im e te r .  
K in e tic  m easurem ents have no g r e a t  advan tage in  ELISA. Automated 
m ic r o t i t r e  p la te - r e a d in g  c o lo r im e te rs  have been  in tro d u c e d  to  f a c i l i t a t e  
e n d -p o in t assessm en t ( I 56) .
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ENZYME-ANTIBODY CONJUGATION
The enzymes m ost commonly u sed  in  ELISA to g e th e r  w ith  t h e i r  
s u b s t r a te s  a re  shown in  ta b le  V III  (136 , 154)* H o rse ra d ish  p e ro x id a se  
and a lk a l in e  p h o sp h a tase  a re  u sed  m ost commonly when a c o lo r im e tr ic  
o r  v is u a l  e n d -p o in t i s  r e q u ir e d .  A f lu o r e s c e n t  e n d -p o in t a s sa y  o f  
p-D g a la c to s id a s e  a c t i v i t y  u s in g  a f lu o ro g e n ic  s u b s t r a te  en a b le s  
in c re a s e d  s e n s i t i v i t y  to  be a c h ie v e d .
The m ajor methods o f  c o v a le n t l i n k in g  o f  a n t ib o d ie s  to  
enzymes a re
(1 ) One s te p  g lu ta ra ld e h y d e  method
( 2 ) Tvfo s te p  g lu ta ra ld e h y d e  method 
( 5 ) P e r io d a te  method
(4 ) N -H '-o -pheny lened im ale im ide  method
( 5 ) m - M a le im id o b e n z o y l - H - h y d r o x y s u c c in im id e  (lIB S ) m e th o d  ( l5 4 )
R eagen ts 1 - 4  a re  h o m o b ifu n c tio n a l re a g e n ts  and some deg ree  
o f  p o ly m e ris a tio n  o f th e  a n tib o d y  i s  l i k e l y  when u s in g  th e se  r e a g e n ts .  
R eagent 5 i s  a h e te r o b if u n c t io n a l  re a g e n t  w hich p re v e n ts  such 
p o ly m e ris a tio n  ( l5 4 )*  A d d it io n a l ly ,  n o n -c o v a le n t c o u p lin g , u s in g  a 
p e ro x id a s e -a n ti-p e ro x id a s e  system  has been  d em o n stra ted  (15?)* Method 2 
i s  th e  most w id e ly  u sed  c o u p lin g  p ro c e d u re , p a r t i c u l a r l y  f o r  h o r s e - r a d is h  
p e ro x id a se /a n tib o d y  c o n ju g a tio n  s in c e  v e ry  l i t t l e  p o ly m e ris a tio n  o f  th e  
p e ro x id a se  o c c u rs , p ro b ab ly  as a r e s u l t  o f  a lk y l  is o -c y a n a te  b lo c k in g  
o f i t s  amino g roups ( l5 8 ) .
H o rse ra d is h -p e ro x id a s e /a n tib o d y  c o n ju g a te s  p re p a re d  by t h i s  
method a re  g e n e ra l ly  homogeneous and low m o lecu la r w e ig h t, b u t  th e  
y i e ld  i s  n o t h ig h  (l5 4 )*
A l k a l i n e  p h o s p h a t a s e  i s  m o s t  com m on ly  c o u p l e d  t o  a n t i b o d i e s  
b y  m ea n s o f  t h e  o n e  s t e p  g l u t a r a l d e h y d e  m e th o d  (l54> 159)* H o w e v e r
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T able V III
Enzymes commonly used, f o r  c o n ju g a tio n  in  ELISA
Enzyme E.G . No.
H o rse ra d ish  p e ro x id a se  E C I.11 .1 .,17
S u b s tr a te s
o-phenylenediamine 
5 amino salicylic acid 
o-dianisidine 
ABTS
o-tolidine
A lk a lin e  p h o sp h a tase  
p -D -g a la c to s id a s e
G lucose o x idase
EG3.1.3*1; p-nitrophenyl phosphate
EC3.2.1.23 o -n it ro p h e n y l p -D -g a la c to -
pyranoside (colorimetry) (l55)
4 methyl umbelliferyl derivatives 
(fluorimetry) (156)
EGI.I.3.4 glucose
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t h i s  method p roduces h e te ro g en eo u s  c o n ju g a te s  (159 ) and e x te n s iv e  
c ro s s  l in k in g  and lo s s  o f IgG a c t i v i t y  u s u a l ly  o ccu rs  (l5 4 )*
As d is c u s s e d  in  c h a p te r  2 , th e  a p p l ic a t io n  o f  a r a d io  l a b e l l e d  
an tib o d y  te c h n iq u e  to  th e  in v e s t ig a t io n  o f  th y ro id  a u to a n tib o d ie s  
was ham pered by th e  poor lo n g -te rm  p r e c i s io n  o f th e  m ethod, w hich was 
p ro b ab ly  due to  th e  i n s t a b i l i t y  o f  th e  ^ ^ 5 i_ ia b e l le d  a n tib o d y  
p r e p a r a t io n .  In  view  o f  th e  r e p o r te d  a p p l ic a t io n  o f  th e  ELISA 
te ch n iq u e  to  th e  s tu d y  o f  a n t ib o d ie s ,  i t  was c o n s id e re d  th a t  th e  u se  
o f  an e n z y m e -la b e lle d  a n tib o d y  m ight prove advan tageous in  th e  c u r r e n t  
s tu d ie s .  Thus an i n d i r e c t  ELISA method f o r  th e  in v e s t ig a t io n  o f  a n t i -  
th y ro g lo b u lin  a u to a n tib o d ie s  was d ev e lo p ed , w ith  a h o r s e - r a d is h  
p e ro x id a se /a n ti-h u m a n  IgG a n tise ru m  c o n ju g a te .
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M T SR IA L S
CHENICALSf
The fo llo w in g  were o b ta in e d  from BDH C hem icals L td . ,
Dagenham,
Essex*
C h e m ic a l
Ammonium su lp h a te  
C i t r i c  a c id
Hydrogen p e ro x id e  30/b w/v 
P o tass iu m  c h lo r id e
P o tass iu m  d i-h y d ro g en  o rth o p h o sp h a te
Sodium ca rb o n a te
Sodium c h lo r id e
Sodium hydrogen c a rb o n a te
d i-S odium  hydrogen o rth o p h o sp h a te  (anhydrous) 
d i-Sodium  hydrogen o rth o p h o sp h a te  (d o d eca h y d ra te ) 
Sodium d i-h y d ro g en  o rth o p h o sp h a te  
S u lp h u ric  a c id  s p .g r .  I .84
A ll th e  above chem ica ls  were A n a la r g ra d e .
C ata logue
Number
10033
10081
10128
10198
10203
10240
10241
10247
30158
10248 
10245
10276
The fo llo w in g  were o b ta in e d  from th e  s u p p l ie r s  shovm.
Chem ical
o -P heny lene  diam ine 
d ih y d ro c h lo r id e
C atalogue
N o .
P3888
S u p p l i e r  
S ig m a  L o n d o n  C h e m ic a l  C o .L td ,  
P o o l e ,
D o r s e t .
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Chem ical
Tv7eerL“ 20 W etting  Agent
C atalogue
No. S u p p lie r
T2I-O 309—15 Technicon In s tru m e n ts  Co, L td . ,  
B a s in g s to k e ,
H am pshire.
8epharose-2B  17-0130-01 Pharm acia (G rea t B r i t a in )  L t d . ,
S ep h acry l S-300 S u p e rf in e  17-0438-01 Hounslow,
Middx.
P lu o ro s c e in  is o th io c y a n a te  
c o n ju g a te d  r a b b i t  
a n t i s e r a  to
I g G  F 2 0 2
I g A  F 2 0 4
I g M  F 2 0 3
M ercia B rocades L t d . , 
West B y f le e t ,
S u rre y .
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REAGENTS
C arb o n a te /B ica rb o n a te  b u f f e r ,  pH 9*6, 0.05M 
p re p a re d  f r e s h ly  each  week 
Phosphate b u f f e r e d  s a l i n e ,  pH 7*4> 0.15M NaCl, O.OIM 
phosphate  (PBS)
C itra te /P h o s p h a te  b u f f e r ,  pH 5*0, 0.05M c i t r a t e ,
O.IM phosphate  
S a tu ra te d  Ammonium s u lp h a te  s o lu t io n  
P h y s io lo g ic a l  s a l in e  (0 .9 ^  W/v)
2 .5  M S u lp h u ric  a c id
PBS/Tween (PBS a s  above w ith  th e  a d d i t io n  o f  0.005M KOI,
0 .003  M NaN^, and 0 .0 5 ^  Tween 20)
P ero x id ase  s u b s t r a te  s o lu t io n :  20mg o -pheny lene diam ine were
d is s o lv e d  in  50mls c i t r a te /p h o s p h a te  b u f f e r ,  and 20|j,l 30^  ^ /v  
hydrogen p e ro x id e  were added . The s u b s t r a te  was p re p a re d  im m ediate ly  
p r io r  to  u s e ,  s to r e d  in  a dark  c o n ta in e r ,  and d is c a rd e d  i f  n o t u sed  
w ith in  2 h o u rs . These p re c a u tio n s  were ta k en  because  o f the  p h o to ­
s e n s i t i v i t y  o f  th e  s u b s t r a te  ( 136) .
The p e ro x id a s e /a n t i  human IgG an tise ru m  c o n ju g a te  u sed  f o r  th e  
work p re se n te d  in  t h i s  c h a p te r  and c h a p te r  4 was a g i f t  from 
D r. A. B a r t l e t t ,  N u f f ie ld  L a b o ra to r ie s  o f  C om paritive M ed icine ,
The Z o o lo g ica l S o c ie ty  o f London, R egents P a rk , London. The c o n ju g a te  
was p re p a re d  by th e  two s te p  g lu ta ra ld e h y d e  method o u t l in e d  p r e v io u s ly ,  
and w i l l  be r e f e r r e d  to  in  t h i s  s tu d y  as ASP (A n ti ^ e ru m /P e ro x id a s e ) .
Im m unofluorescence a s s a y s  were perform ed u s in g  s e c t io n s  o f  
th y ro to x ic  th y ro id  g la n d , and P lu o ro sc e in  is o th io c y a n a te  c o n ju g a te d  
r a b b i t  an ti-hum an IgG a n tise ru m .
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H aem a g g lu tin a tio n  a s sa y s  were perform ed by th e  s t a f f  o f  th e  
D epartm ent o f  M ic ro b io lo g y , A shford  H o s p i ta l ,  London Road, A sh fo rd , 
M idd lesex , u s in g  Wellcome Thymune T and Thymune M k i t s .  The 
m a n u fa c tu re rs ' i n s t r u c t io n s  were fo llo w ed  w ith o u t m o d if ic a t io n .
L atex  f i x a t io n  t e s t s  f o r  rheum ato id  f a c t o r  were perform ed by 
th e  s t a f f  o f th e  Immunology D epartm en t, Royal C anadian  Red C ross 
H o s p i ta l ,  Taplow, B e rk s h ire .
EQUIPMENT
Square form  p o ly s ty re n e  m ic r o t i t r e  p l a t e s  w ere o b ta in e d  from 
D ynatech L a b o ra to r ie s  L td . ,  Daux Road, B i l l i n g s h u r s t , S ussex .
Because o f r e p o r te d  in c o n s is te n c ie s  in  a d s o rp tio n  c h a r a c t e r i s t i c s  
in  th e  p e r im e te r  w e lls  ( l6 o ) ,  o n ly  th e  in n e r  60 w e l ls  on each p la te  
were used  in  th e  ex p erim en ts  d e s c r ib e d  in  t h i s  and subsequen t c h a p te r s .
V ita t r o n  UPS u n iv e r s a l  c o lo r im e te r ,  equ ipped  w ith  a  492nm 
f i l t e r  and a  m icro f lo w -th ro u g h  c u v e t te .
Pye Unicam SP-8100 U l t r a v i o l e t  S p ec tro p h o to m e te r.
C hrom atography columns were p re p a re d  a s  d e s c r ib e d  in  c h a p te r  2 .
THYROGLOBULIN PREPARATION
Three th y ro id  g lan d s were removed as  soon a s  p o s s ib le  p o s t  mortem 
from  cad a v ers  w ith  no known ante-m ortem  th y ro id  d i s e a s e ,  and d e e p - 
f ro z e n  im m ed ia te ly . C ry o s ta t s e c t io n s  were ta k e n  o f  each  g land  and 
in v e s t ig a te d  f o r  th e  p re sen ce  o f  a n t i - th y r o g lo b u l in  a u to a n t ib o d ie s ,  
u s in g  d i r e c t  im m unofluorescence w ith  an an ti-hum an  IgG an tiserum /P IT C  
c o n ju g a te .  The g la n d s  were a p p a re n t ly  f r e e  from a u to a n tib o d ie s  by 
t h i s  m ethod,
T h y ro g lo b u lin  was i n i t i a l l y  e x t r a c te d  from  th e  combined g la n d s  
by th e  method o f  D e rr ie n  and Roche ( l 6 l ) ,  w ith  m inor m o d if ic a t io n s ,  
a s  fo llo w s :
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1 . The g lan d s  were washed b r i e f l y  in  s a l i n e ,  and t h e i r  combined 
volume was re c o rd e d .
2 . The g la n d s  were c u t in to  ap p ro x im ate ly  l-2mra s l i c e s ,  and th e  
th y ro g lo b u lin  was e x t r a c te d  by o v e rn ig h t in c u b a tio n  o f th e  s l i c e s  
in  th r e e  tim es th e  o r ig in a l  g la n d  volume o f  s a l in e  a t  4°C, w ith  
g e n t le  s t i r r i n g .
3. The e x t r a c t  was f i l t e r e d  th ro u g h  c o a rse  m u slin  c lo th  and th e  f i l t r a t e  
c e n t r i f u g e d  a t  ap p ro x im ate ly  2000 x g f o r  30 m inu tes a t  4°C.
4 . The s u p e rn a ta n t was removed and i t s  volume a d ju s te d  to  50ml 
w ith  s a l i n e .
5 . 36.25m ls s a tu r a te d  ammonium s u lp h a te  were added and th e  r e s u l t i n g  
su sp e n sio n  was s t i r r e d  a t  4°0 f o r  10 m in u te s .
6 . The m ix tu re  was c e n tr i fu g e d  a t  ap p ro x im ate ly  2000 x g f o r  
30 m inu tes a t  4 °0 , and the  s u p e rn a ta n t was d is c a rd e d .
7* The p r e c i p i t a t e  was suspended in  25ml 45^ s a tu r a te d  ammonium 
su lp h a te  s o lu t io n ,  and 5*4ml d e io n is e d  w a te r were added to  red u ce  
th e  c o n c e n tra t io n  o f  ammonium s u lp h a te  to  37^ s a tu r a te d .
8 . The r e s u l t i n g  su sp e n sio n  was s t i r r e d  f o r  one hour a t  4°C, and 
c e n t r i f u g e d  a t  ap p ro x im ate ly  2000 x  g f o r  one hour a t  4°C.
9 . 5*5ml s a tu r a te d  ammonium s u lp h a te  s o lu t io n  were added to  th e  
s u p e rn a ta n t from  s te p  8 to  in c re a s e  th e  c o n c e n tra t io n  o f ammonium 
s u lp h a te  to  42^ s a tu r a t e d .  The su sp e n sio n  was c e n t r i f u g e d  a t  
a p p ro x im a te ly  2000 x g f o r  one hour a t  4°C*
10. The p r e c i p i t a t e  was washed w ith  50mls 42^ s a tu r a te d  ammonium 
s u lp h a te ,  and c e n t r i f u g e d  a t  a p p ro x im a te ly  2000 x g f o r  1 .5  h ou rs 
a t  4°C '
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11. The p r e c i p i t a t e  was d is s o lv e d  in  50ml d e io n is e d  w a te r  and 
d ia ly s e d  a g a in s t  4 changes o f  5 1 s a l in e  over a p e r io d  o f  42 h o u rs . 
The r e s u l t a n t  s o lu t io n  was d iv id e d  in to  2ml a l iq u o ts  and s to r e d  in  
s e a le d  g la s s  h i jo u  b o t t l e s  a t  -20°C , coded TGI.
The p r o te in  c o n te n t o f th e  e x t r a c t ,  e s t im a te d  by com paring i t s  
abso rbance a t  210nm w ith  t h a t  o b ta in e d  from  b ov ine  serum album in 
s ta n d a rd s ,  was 2 .6 g / l .
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lÆTHODS
1. INVESTIGATION OF CONTAMINATION OF THYROGLOBULIN PREPARATION
(a )  Sepharose-2B  chrom atography
R e s u lts  p re s e n te d  l a t e r  in  c h a p te r  4 su g g e s t t h a t  th y ro id  
microsomes may he e f f e c t iv e l y  s e p a ra te d  from  th y ro g lo b u lin  by 
chrom atography on Sepharose-2B . In  o rd e r  to  in v e s t ig a te  w hether 
th e  th y ro g lo b u lin  e x t r a c t  TGI was co n tam in a ted  w ith  m icrosom es, an 
a l iq u o t  o f  th e  e x t r a c t  was chrom atographed on S epharose-2B , and 
re a c te d  w ith  a serum th a t  was au to -im m unoreac tive  a g a in s t  th y ro ­
g lo b u l in  and m icrosom al a n t ig e n .
1 . Sepharose-2B , a f t e r  d e g a ss in g , was c a r e f u l ly  poured  in to  a 
g la s s  column 25mm x 220mm, and a llow ed  to  s e t t l e .  The column 
was washed w ith  100ml PBS and 2ml TGI were a p p lie d  to  th e  to p  
o f th e  g e l  w ith o u t d i s tu r b in g  th e  g e l ,
2 . E lu t io n  was perform ed w ith  PBS, w ith  a flow  r a t e  o f  50m l/hour. 
F o r ty - e ig h t  1ml f r a c t io n s  were c o l le c t e d .
5 . 500|xl o f  each  f r a c t i o n  were d i lu te d  1 :4  w ith  PBS, and th e
absorbance a t  210nm o f each  d i lu te d  f r a c t i o n  was re c o rd e d .
4* 1 :100 d i lu t io n s  o f  each  f r a c t i o n  were made in  B ic a rb o n a te /
ca rb o n a te  b u f f e r ,  and 250p l o f  each  d i lu te d  f r a c t i o n  were in c u b a te d  
in  a m ic r o t i t r e  p la te  w e ll f o r  IS h o u rs , a t  room te m p e ra tu re .
5 . The c o n te n ts  o f  th e  w e lls  were d is c a rd e d , and th e  e n t i r e  
p la te  was washed 5 tim es w ith  PBS/Tween, w ith  a 3 m inute soak 
in  each  wash.
6 . A serum sample w ith  h ig h  t i t r e  a n t i - th y r o g lo b u l in  and a n t i -  
m icrosom al a u to a n tib o d ie s  (TGHA t i t r e  1 :5120 , MCHA t i t r e
1 : 2560^) was d i lu te d  1 :500  in  PBS/Tween and 250pl were added 
to  each  o f  th e  48 w e l ls .
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7 . A f te r  a 3 hour in c u b a tio n  a t  room te m p e ra tu re , s te p  5 was 
r e p e a te d .
8 . 250 |il ASP a t  a d i l u t io n  o f  1 :10^  in  PBS/Tween were added to  
th e  w e lls  and in c u b a te d  f o r  3 hou rs  a t  room te m p e ra tu re .
9 . S tep  5 was re p e a te d .
10, The s u b s t r a te  s o lu t io n  (2 5 0 |il)  was added , and a f t e r  15 m inu tes 
th e  r e a c t io n  was te rm in a te d  w ith  5G#1 2.5M s u lp h u r ic  a c id .
The abso rbance o f th e  s o lu t io n  in  each  w e ll was m easured a t  
492nm, and th e  r e s u l t s  compared w ith  th e  e lu t io n  d iag ram .
(b ) S ep h ac iy l S-300 s u p e r f in e  chrom atography
In  o rd e r  to  in v e s t ig a te  th e  co n tam in a tio n  o f  th e  th y ro g lo b u lin  
e x t r a c t  by G c la s s  im m unoglobulins, and to  e l im in a te  m icrosom al 
c o n ta m in a tio n , th e  p re p a ra t io n  (TGI) was chrom atographed on S ep h acry l 
S-300  s u p e r f in e .
1 . S ep h acry l S -3OO s u p e r f in e ,  a f t e r  d e g a ss in g , was c a r e f u l ly  
poured  in to  a g la s s  column l 6mm x 220mm and a llow ed  to  s e t t l e .
The column vras washed w ith  100ml PBS, and 1ml TGI a p p lie d
to  th e  to p  o f  th e  g e l ,  w ith o u t d i s tu r b in g  th e  g e l .
2 . E lu t io n  was perform ed w ith  PBS, w ith  a flow  r a t e  o f  150m l/hour. 
F o r ty  1ml f r a c t io n s  were c o l le c t e d .
3 . The abso rbance a t  210nm v/as m easured on a 1 :5  d i l u t i o n  ( in  PBS) 
o f  each  f r a c t i o n .
4 . 1 :100  d i lu t io n s  o f  each  f r a c t i o n  were made in  b ic a r b o n a te /  
c a rb o n a te  b u f f e r  and 250p l  o f  each  d i lu te d  f r a c t i o n  were in c u b a te d  
in  a m ic r o t i t r e  p la te  w e ll f o r  18 h o u rs , a t  room te m p e ra tu re . For 
each  f r a c t i o n ,  3 w e lls  were p re p a re d .
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5» The c o n te n ts  o f  th e  w e lls  were d is c a rd e d , and th e  e n t i r e  p la te  
V7as washed 3 tim es w ith  PBS/Tween w ith  a 3 m inute soak in  each  wash,
6 , A serum sample w ith  a h ig h  TGHA t i t r e  ( l :5 1 2 0 ) ,  a serum sample 
w ith  an u n d e te c ta b le  TGHA t i t r e  (< 1 :1 0 ), and a sam ple c o n s is t in g  
on ly  o f  PBS, were a l l  d i l u te d  1 :100  in  PBS/Tween, and added to  th e  
w e lls  p re p a re d  f o r  each  f r a c t i o n .
7 . A f te r  a 3 hour in c u b a tio n  a t  room te m p e ra tu re , s te p  5 was 
re p e a te d .
8 , 25O11I  ASP a t  a d i l u t i o n  o f  1 :2 .5  x 10^ in  PBS/Tween were added 
to  th e  w e lls  and in c u b a te d  f o r  3 h ou rs a t  room te m p e ra tu re .
9 . S tep  5 was re p e a te d .
10. The s u b s t r a te  s o lu t io n  (250[xl) was added , and a f t e r  I 5 m inu tes 
th e  r e a c t io n  was te rm in a te d  w ith  50pi 2.5M s u lp h u r ic  a c id .  The 
abso rbance o f  th e  s o lu t io n  in  each  w e ll was m easured a t  492nm, 
and th e  r e s u l t s  compared w ith  th e  e lu t io n  d iag ram .
2 . ANTIGEN TITRATION
For th e  p u rposes o f  t h i s  ex p erim en t, th e  a ssa y  c o n d it io n s  
were as  fo llo w s :
i )  In c u b a tio n  tim es
(a )  A ntigen  im m o b ilis a tio n  18 h ou rs
(b) T es t serum 3 hours
(c )  ASP 3 hou rs
A ll in c u b a tio n s  in  t h i s  and a l l  su b seq u en t ex p erim en ts  were 
perform ed  in  c lo se d  p l a s t i c  boxes w ith  m o ist p ap er to w e ls  to  p re v e n t 
e v a p o ra tio n .
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i l )  Washes
1 wash PBS/Tween, no soak
5 washes PBS/Tween, 5 m inute soak in  each wash
A f te r  each  w ash, th e  p la te  was in v e r te d  over a s in k ,  shaken
and d ra in e d  b r i e f l y  u p s id e  dovm on a mat o f c e l lu lo s e  w adding.
i i i )  A ll r e a c t io n  volumes were 250pl w ith  th e  e x c e p tio n  o f th e  
enzyme r e a c t io n  s to p p in g  re a g e n t (2.5M s u lp h u r ic  a c id )  volume w hich 
was 50p l .
iv )  A ntigen  d i lu t io n s  were made in  B ic a rb o n a te /C a rb o n a te  b u f f e r  and
ASP d i lu t io n s  were made in  PBS/Tween.
v) The experim en t was perform ed in  d u p l ic a te .
C o n d itio n s  i i  -  v were u sed  in  a l l  th e  exp erim en ts  in  t h i s  c h a p te r  
u n le s s  s p e c i f i e d  o th e rw ise .
v i )  A serum sample (H i) e s ta b l i s h e d  by h a e m a g g lu tin a tio n  to  be 
h ig h  TGHA t i t r e  ( l :5 1 2 0 ) ,  and a p o o led  serum sample (ERS) e s ta b l i s h e d  
as n e g a tiv e  f o r  th y ro g lo b u lin  a u to a n tib o d ie s  (TGHA t i t r e  < 1 :1 0 ) , were 
used  as r e fe re n c e  t e s t  s e r a .  The r e fe re n c e  s e ra  were d i lu te d  1:1000 
f o r  t h i s  ex p erim en t.
v i i )  The ASP was d i lu te d  1 :2 .5  x 10^.
The a ssay  p ro ced u re  c o n s is te d  o f  th e  fo llo w in g  s te p s
1 . An a l iq u o t  o f  th y ro g lo b u lin  a n t ig e n  o b ta in e d  from  S ep h acry l S-300 
s u p e r f in e  chrom atography was s e r i a l l y  d i l u te d  1 :1 0  from  1 :10  to  1 :1 0 ^ , 
and in c u b a te d  in  th e  w e lls  o f a m ic r o t i t r e  p l a t e .
2 . The w e lls  were em ptied  by in v e rs io n  and w ashed.
3. The d i lu te d  r e fe re n c e  p o s i t iv e  and n e g a t iv e  s e ra  were added to  th e  
a p p ro p r ia te  w e lls  and in c u b a te d .
4 . S tep  2 was re p e a te d .
5 . The d i lu te d  ASP was added to  a l l  w e lls  and in c u b a te d .
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6. S tep  2 was rep ea ted *
7 . The s u b s t r a te  s o lu t io n  was added to  a l l  w e l l s ,  and th e  enzyme 
r e a c t io n  a llo w ed  to  p ro ceed  f o r  $0 m in u te s .
8 . The enzyme r e a c t io n  was te rm in a te d  by the  a d d i t io n  o f  s to p p in g  
r e a g e n t ,  and th e  abso rbance a t  492nm o f  th e  c o n te n ts  o f  each  w e ll 
was m easured, a g a in s t  a w a te r  b la n k .
9 . The abso rbance  o b ta in e d  f o r  each  a n t ig e n  d i l u t i o n  was p lo t t e d  a g a in s t  
th e  d i l u t i o n  o f  a n t ig e n  s o lu t io n .
5. TEST SERUM TITRATION
The c o n d itio n s  and p ro ced u re  f o r  t h i s  experim en t were as  
d e s c r ib e d  f o r  th e  a n t ig e n  t i t r a t i o n  ex ce p t t h a t  
i )  T h y ro g lo b u lin  d i l u t i o n  was f ix e d  a t  1 :1000 and s e r i a l  1 :1 0  
d i lu t io n s  o f  th e  r e fe re n c e  s e ra  (HI and ERS) were made, from 
1 :1 0  to  1 :1 0 5 .
i i )  ASP was d i lu te d  1 :10^  and th e  ASP in c u b a tio n  tim e was 18 h o u rs .
The ab so rb an ces  o b ta in e d  f o r  each  d i l u t i o n  o f  th e  r e fe re n c e  
s e ra  were p lo t t e d  a g a in s t  th e  r e fe re n c e  serum d i l u t i o n .
4 . INVESTIGATION OF ASSAY CONDITIONS
The fo llo w in g  c o n d itio n s  were in v e s t ig a te d
(a )  Tem perature o f  a n t ig e n  im m o b il is a tio n , and w e ll to  w e ll  v a r i a t i o n .
(b) Time co u rse  o f  a n t ig e n  im m o b il is a tio n .
(c )  Time co u rse  o f  a u to a n tib o d y /a n tig e n  r e a c t io n .
(d) Time cou rse  o f  A S P /au toan tibody  r e a c t io n .
(e )  Time co u rse  o f  p e r o x id a s e /s u b s t r a te  r e a c t io n ,  and l i n e a r i t y  o f
A^P re sp o n se  in  th e  tim e co u rse  o f  th e  enzyme r e a c t io n .
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(a )  Tem perature o f  a n t ig e n  im m o b il is a tio n , and w e l l - to - w e l l  v a r i a t io n
1 . T h y ro g lo b u lin  a n t ig e n  p r e p a r a t io n ,  a t  a d i l u t i o n  o f  1 :1000 was 
added to  th e  w e lls  o f  two m ic r o t i t r e  p l a t e s .
2 . One p la te  was in c u b a te d  a t  f o r  18 h o u rs . The second p la te  
was in c u b a te d  a t  37°C f o r  18 h o u rs .
3. The p la te s  were em ptied  and w ashed.
4» A TGHA p o s i t iv e  serum (H i) was d i lu te d  1 :100  and added to  a l l  th e
c o a te d  w e l l s ,  and th e  two p la te s  w ere in c u b a te d  a t  room te m p era tu re  
f o r  3 h o u rs .
5 . A f te r  em ptying and w ashing  th e  p l a t e s ,  ASP a t  a d i l u t i o n  o f  1 :10^
was added and th e  p la te s  were in c u b a te d  a t  room te m p era tu re  f o r  3 h o u rs .
6 . The p la te s  were em ptied  and w ashed, and th e  s u b s t r a te  s o lu t io n  
added. A f te r  J>0 m inu tes th e  r e a c t io n  was te rm in a te d , and th e  
abso rbance o f  th e  c o n te n ts  o f  each  w e ll m easured. The mean ab so rb an ce , 
w ith  i t s  s ta n d a rd  d e v ia t io n ,  was c a lc u la te d  f o r  each  s e t  o f  60 w e l l s .
(b ) Time co u rse  o f a n tig e n  im m o b ilis a tio n
The c o n d it io n s  and p ro ced u re  f o r  t h i s  experim en t were as  
d e sc r ib e d  in  s e c t io n  1 , ex ce p t t h a t  th e  in c u b a tio n  tim es were 
( i )  T e s t serum 3 hours
( i i )  ASP 18 hours
and th e  d i lu t io n s  u sed  were
( i )  T h y ro g lo b u lin  1 :1000
( i i )  R eference  p o s i t i v e  serum (H i) 1 :100
( i i i )  ASP 1 :3 .2  x 10^
The a n t ig e n  im m o b ilisa tio n  tim e was v a r ie d  betw een 0 and 18 h o u rs , 
a t  room te m p e ra tu re .
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(c )  Time co u rse  o f a u to a n tib o d y /a n tig e n  r e a c t io n
The c o n d itio n s  and p ro ced u re  f o r  t h i s  experim en t were as  
d e sc r ib e d  in  4 (b ) above, ex ce p t t h a t  the  a n t ig e n  im m o b ilisa tio n  tim e 
was f ix e d  a t  18 h o u rs  ( a t  room te m p e ra tu re )  and th e  t e s t  serum 
in c u b a tio n  p e r io d  was v a r ie d  betw een 0 and 8 h o u rs , a t  room te m p e ra tu re . 
A r e fe re n c e  n e g a t iv e  serum (ERS) was a ls o  a ssa y e d .
(d) Time co u rse  o f A S ? /au to an tib o d y  r e a c t io n
The c o n d itio n s  and p ro ced u re  f o r  t h i s  experim en t were as 
d e s c r ib e d  in  4 (c )  above, ex ce p t th a t  th e  t e s t  serum in c u b a tio n  tim e 
was f ix e d  a t  3 h o u rs  ( a t  room te m p e ra tu re ) ,  and th e  ASP in c u b a tio n  
p e r io d  was v a r ie d  betw een 0 and 16 h o u rs , a t  room te m p e ra tu re , w ith  
th e  ASP d i l u t i o n  f ix e d  a t  1 :5000 .
(e )  Time co u rse  o f e n z y m e /su b s tra te  r e a c t io n ,  and l i n e a r i t y  o f 
ASP re sp o n se  d u r in g  th e  tim e co u rse  o f th e  enzyme r e a c t io n .
The c o n d itio n s  f o r  t h i s  experim en t were as d e s c r ib e d  in  4 (b) 
above, ex ce p t t h a t  th e  a n t ig e n  im m o b ilis a tio n  tim e was f ix e d  a t  
18 hours ( a t  room te m p e ra tu re ) ,  and the  ASP d i l u t i o n  was 1 :1 .5  x 10^. 
R eference  serum ERS was a ls o  a s sa y e d . T his exp erim en t was n o t 
perform ed in  d u p l i c a te .
A f te r  a d d i t io n  o f s u b s t r a te  to  th e  w e l l s ,  th e  r e a c t io n  was 
te rm in a te d  in  a p a i r  o f w e lls  ( i e .  c o n ta in in g  r e fe re n c e  p o s i t iv e  o r 
n e g a tiv e  serum ) a t  p e r io d s  ra n g in g  betw een 1 and 60 m in u te s .
The ab so rb an ces  a t  492nm were m easured a g a in s t  a w a te r  b la n k , 
and p lo t t e d  a g a in s t  th e  d u ra tio n  o f  th e  enzyme r e a c t io n .  The r a t i o  
o f  p o s i t iv e  serum absorbance to  n e g a tiv e  serum abso rbance  was 
c a lc u la te d  a t  each  p o in t .
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As a r e s u l t  o f  th e  o p tim is a t io n  exp erim en ts  perfo rm ed , th e  a s sa y  
c o n d itio n s  f o r  th e  fo llo w in g  ex p erim en ts  were f ix e d  a t :
(a )  A n tigen  im m o b ilisa tio n  tim e
(b ) A n tigen  d i l u t io n
(c )  T e s t s e ru m /a n tig e n  r e a c t io n  tim e
(d ) T e s t serum d i l u t i o n
(e )  A S P /te s t serum r e a c t io n  tim e
( f )  E n zy m e/su b s tra te  r e a c t io n  tim e
18 h ou rs a t  37°C 
1:1000
3 hours  a t  room te m p era tu re  
1:100
18 hours a t  room te m p era tu re  
ap p ro x im ate ly  30 m inu tes 
a t  room te m p era tu re  
ASP was u sed  a t  a d i l u t i o n  o f  1 :5  x 10^ th ro u g h o u t th e  rem a in d er o f  
t h i s  s t u d y . |Â 11 sam p les 'w ere  a ssay ed  in  d u p l ic a te '
R e s u lts  f o r  t e s t  serum sam ples were e x p re sse d  in  te rm s o f  an 
abso rbance  r a t i o ,  d e v ise d  from
mean t e s t  serum absorbance -  b la n k  abso rbance
where
mean ERS absorbance  -  b la n k  abso rbance
ERS = a serum poo l e s ta b l i s h e d  as n e g a t iv e  f o r  th y ro id  
a u to a n tib o d y  a c t i v i t y  by h a e m a g g lu tin a tio n , 
i n d i r e c t  im m unofluorescence, and th e  b io c h em ic a l 
and c l i n i c a l  e u th y ro id ism  o f  th e  d o n o rs .
B lank = d u p lic a te  w e lls  in c u b a te d  w ith  PBS/Tween in  
p la c e  o f  t e s t  serum .
5 . PRECISION
The w ith in -a s s a y  p r e c i s io n  was e s tim a te d  in  s e c t io n  4 ( a ) .
The b e tw een -assay  p r e c i s io n  was a s s e s s e d  on 7 TGHA n e g a tiv e  serum  
sam ples, and 2 TGHA p o s i t iv e  serum sam ples (TGHA t i t r e s  1 :5120 and 
l : l 60 ) ,  in  s ix  s e p a ra te  a ssay s  over a 10 week p e r io d .
118
6 . BLOOD SAIiflPIiE; EFFECT OF HEAT TREATMENT AND STORAGE
The e f f e c t  o f complement in a c t iv a t io n  hy in c u b a tin g  a t  60°C
f o r  30 m inu tes was a s s e s se d  on 12 sam ples by a s sa y in g  b e fo re  and a f t e r  
such t r e a tm e n t.
The e f f e c t  o f  s to ra g e  o f  specim ens a t  -20°C over a  p e r io d  o f
10 weeks was a s s e s s e d  by th e  r e s u l t s  o b ta in e d  from  2 q u a l i ty  c o n t ro l
specim ens. The e f f e c t s  o f  r e p e a te d  f r e e z in g  and thaw ing  were 
a s s e s se d  on a s in g le  p o s i t iv e  serum sample (TGHA t i t r e  I : l 6 0 )  
c o l le c te d  in to  tu b e s  w ith
(a )  no a n t ic o a g u la n t
(b ) L ith ium  h e p a r in
The r e s u l t a n t  serum and plasm a were f ro z e n  and thawed
6 tim es over a p e r io d  o f  2 d ay s , and th e n  s u b je c te d  to  th e  ELISA
p ro c e d u re . A s e p a ra te  a l iq u o t  o f  serum and plasm a w hich had been  
f ro z e n  and thav/ed once on ly  were a ls o  a ssa y e d .
7 . SENSITIVITY
The s e n s i t i v i t y  l i m i t  o f th e  a ssa y  was s e t  a t  2 s ta n d a rd  
d e v ia tio n s  above th e  mean re sp o n se  from  a s e r i e s  o f  n e g a t iv e  sam p les . 
In  o rd e r  to ]a sse ss  th e  s e n s i t i v i t y  th e r e f o r e ,  6l  serum sam ples were 
ta k e n , from  la b o ra to ry  p e rso n n e l and o u tp a t ie n t s  w ith  no b io c h em ic a l 
o r  c l i n i c a l  e v id e n c e , o r fa m ily  h i s to r y  o f th y ro id  d is e a s e .  The 
sam ples were a ssa y e d , and th e  mean + 2 s ta n d a rd  d e v ia t io n s  o f th e  
r e l a t i v e  ab so rb an ces  c a lc u la te d .
8 . SPECIFICITY
The e f f e c t s  o f th e  p resen ce  o f  an ti-m ic ro so m a l and a n t i -  
n u c le a r  a u to a n tib o d ie s  and o f rheum ato id  f a c t o r  on the  a ssa y  were 
a s s e s se d  by a s sa y in g  sam ples w hich had n e g a t iv e  o r  v e ry  low TGHA 
t i t r e s ,  b u t w hich were p o s i t iv e  f o r  an ti-m ic ro so m a l o r a n t i - n u c le a r  
a u to a n tib o d ie s  o r rheum ato id  f a c t o r .
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9. COMPARISON OF ELISA AND HAEMAGGLUTIMTION ASSAYS
F o r ty - fo u r  sam ples w hich had p re v io u s ly  been  assay ed  by th e  
h a e m a g g lu tin a tio n  method f o r  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  were 
assay ed  by th e  ELISA m ethod. Two p o s i t iv e  sam ples (A and C ), s to re d  
in  200^1 a l iq u o ts  a t  -20°C were a ssay ed  in  each  b a tc h .
10. PARALLELISM OF SERUM TITRATION CURVES
Serum sam ples w ith  TGHA t i t r e s  o f
( i )  <10 (5 sam ples)
( i i )  160 (3 sam ples)
( i i i )  1280 ( l  sam ple)
were a ssay ed  a t  s e r i a l  10 f o ld  d i l u t io n s  from  1:10  to  1 : 10^ .
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RESULTS
1. INVESTIGATION OF CONTAMINATION OF THYROGLOBULIN PREPARATION
a .  Sepharose-2B  chrom atography
The e l u t io n  o f  th e  th y ro g lo b u lin  e x t r a c t  TGI from  a S ep h a ro se -2B 
column i s  shown in  f ig u r e  16, w ith  th e  ELISA r e s u l t s  o b ta in e d  from  
th e  r e a c t io n  o f  a r e fe re n c e  TGHA and MCHA p o s i t iv e  serum sample w ith  
each  f r a c t i o n .
Two m ajor f r a c t io n s  were e lu te d ,  th e  f i r s t  w ith  maximum A210 
a t  f r a c t i o n  1 2 , th e  second , w ith  maximum A21O: a t  f r a c t i o n  27 .
The t e s t  serum ELISA g raph  shows a r e a c t io n  betw een th e  serum and 
b o th  p eak s , w ith  th e  second ELISA peak broadened  to  a p la te a u  betw een 
f r a c t io n s  20 and 35 .
C oncu rren t s tu d ie s  on th e  p u r i f i c a t i o n  o f th y ro id  m icrosom es 
(p re s e n te d  in  c h a p te r  4 ) su g g es ted  th a t  th e  f i r s t  peak c o n s is te d  o f  
th y ro id  m icrosom es. A s e p a ra te  experim en t showed t h a t  bov ine  th y ro ­
g lo b u lin  was e lu te d  in  th e  same volume as th e  second peak on th e  
e lu t io n  d iagram .
b , S eph acry l S -3OO s u p e r f in e  chrom atography
The e lu t io n  o f th e  th y ro g lo b u lin  e x t r a c t  TGI from  a S ep h acry l 
S-300  s u p e r f in e  column i s  shovm in  f ig u r e  17 w ith  th e  ELISA r e s u l t s  
o b ta in e d  from  th e  r e a c t io n  o f a h ig h  and n e g a t iv e  TGHA t i t r e  s e r a ,  
and b u f f e r ,  w ith  each  f r a c t i o n .
The e lu t io n  diagram  shows a s in g le  m ajor peak w ith  maximum 
A210 a t  f r a c t i o n  1 1 . The e lu t io n  volume o f  t h i s  peak co rresp o n d s  
to  th a t  o b ta in e d  w ith  bov ine  th y ro g lo b u lin  in  a s e p a ra te  ex p e rim en t. 
The second , m inor, peak a t  f r a c t i o n  28 i s  an a r t i f a c t .
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Chrom atography o f crude th y ro g lo b u lin  p re p a ra t io n  on Sepharose 2.B, 
and exam in a tio n  o f  th e  r e a c t io n  o f  a serum w ith  p o s i t iv e  TGHA and MCHÀ 
t i t r e s  a g a in s t  each  e lu te d  f r a c t i o n .
r e p r e s e n ts  th e  abso rbance a t  210nm o f each f r a c t i o n  a # te r  
d i l u t i o n ,  as  d e s c r ib e d  in  th e  t e x t .
r e p r e s e n ts  th e  i n d i r e c t  ELISA r e s u l t s  (ab so rb an ces  a t  492nm) 
o b ta in e d  as  d e sc r ib e d  in  th e  t e x t .
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Chrom atography o f crude th y ro g lo b u lin  p r e p a ra t io n  on S ep h acry l S-$00 
s u p e r f in e .  The e lu t io n  l i n e  r e p r e s e n ts  th e  abso rbance  a t  210nm o f  each  
f r a c t i o n  a f t e r  d i l u t i o n  as d e sc r ib e d  in  th e  t e x t .  The h ig h  t i t r e  serum , 
low t i t r e  serum , and b u f f e r  l i n e s  r e p r e s e n t  th e  i n d i r e c t  ELISA r e s u l t s  
(abso rb an ces  a t  492nm) o b ta in e d  as  d e s c r ib e d  in  th e  t e x t .  . The d ia m e te rs  
o f  th e  r a d i a l  im m unodiffusion  (RID) r in g s  o b ta in e d  by r e a c t in g  th e  e lu te d  
f r a c t io n s  a g a in s t  a donkey an ti-hum an  IgG a n tise ru m  a re  a ls o  shown.
e lu t io n
—   -----  h ig h  t i t r e  serum
  low t i t r e  serum
 . b u f f e r
In d iv id u a l  d a ta  p o in t s  have been o m itte d  f o r  c l a r i t y .
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The ELISA r e s u l t s  in d ic a te  a p o s i t iv e  re sp o n se  from th e  
TGHA p o s i t iv e  serum w ith  f r a c t io n s  6 to  24, and a p o s i t i v e  re sp o n se  
from th e  n e g a tiv e  serum and th e  b u f f e r  w ith  f r a c t io n s  12 to  19*
These r e s u l t s  su g g es ted  th e  co n ta m in a tio n  o f th e  th y ro g lo b u l in  
e x t r a c t  w ith  IgG, w hich was confirm ed  by r a d i a l  im m unodiffusion  o f  
f r a c t i o n s  12 to  19 a g a in s t  donkey a n t i - h  IgG a n tis e ru m . The d ia m e te r  
o f  th e  p r e c i p i t i n  r in g s  o b ta in e d  i s  a ls o  shown in  f ig u r e  17* In  l a t e r  
ELISA e x p e rim en ts , th e  p resen ce  o f  IgA in  th e  th y ro g lo b u lin  e x t r a c t  
was a ls o  d e te c te d .  No IgM was fo u n d . L a te r  exp erim en ts  w ith  more 
s o p h is t i c a te d  chrom atography equ ipm ent, u s in g  a  S ep h acry l S-300 
s u p e r f in e  column 26mm i . d .  x  1000mm, s e p a ra te d  th e  th y ro g lo b u lin  
and IgG m o ie tie s  more e f f e c t i v e l y .  U sing th e  f r a c t io n s  from t h i s  
l a t e r  ch rom atograph ic  s e p a r a t io n ,  no r e a c t io n  was d e te c te d  betw een 
an MCHA positive/TGH A n e g a tiv e  serum sample and th e  e lu te d  f r a c t i o n s .
F ra c tio n s  7 to  11 in c lu s iv e  from a  s e p a ra te  e lu t io n  o f  TGI 
were p o o le d , coded TG II, and used  a s  th e  th y ro g lo b u lin  a n t ig e n  
th ro u g h o u t th e  rem ain d er o f th e  s tu d i e s .  The poo led  f r a c t i o n s  were 
d iv id e d  in to  200^1 a l iq u o ts  w hich were s to r e d  a t  -20°C u n t i l  u se d .
No d e t e r io r a t i o n  o f  th e  a n t ig e n  was d e te c te d  (by chrom atography) 
ov er a  6 month p e r io d .
The p r o te in  c o n te n t o f th e  p r e p a r a t io n ,  e s t im a te d  as  
d e s c r ib e d  f o r  TGI, was 1 , 3 g / l .
2 . ANTIGEN TITRATION
The t i t r a t i o n  o f th e  th y ro g lo b u lin  a n t ig e n  a g a in s t  f ix e d  
t e s t  serum and A§P d i l u t i o n s  i s  shown in  f ig u r e  18,
The graph shows maximum A 4 9 2  f o r  th e  re fe re n c e  p o s i t i v e
serum a t  an a n t ig e n  d i l u t i o n  o f  1 :1 0 0 0 , w ith  a  s l i g h t  p rozone e f f e c t
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Absorbance 492 nm •f R ep resen ts  i d e n t i c a l
d u p lic a te  r e s u l t s  in  t h i s  
and a l l  subseq u en t g raphs
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D ilu t io n  f a c to r  o f t h ^ o g lo b u l in  p re p a ra t io n  
where d i l u t io n  = 1 :10^
F ig u re  18
T i t r a t i o n  o f  th y ro g lo b u lin  a n t ig e n  a g a in s t  f ix e d  d i l u t io n s  
o f  a n t i - th y r o g lo b u l in  au toan^ ibody  p o s i t iv e  (+) and n e g a t iv e  ( - )  
serum sam ples, and o f  ASP.
T i t r a t i o n  cu rv es  p re s e n te d  in  t h i s  and subseq u en t c h a p te r s  
a re  r e v e r s e d  w ith  r e s p e c t  to  th o se  shown in  c h a p te r  2 . T h is 
r e v e r s a l  r e f l e c t s  th e  co n v en tio n s  adop ted  in  th e  f i e l d s  o f  r a d io a s s a y  
and ELISA.
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a t  1 :1 0 . The n e g a t iv e  serum shows l i t t l e  re sp o n se  to  a n tig e n  d i l u t i o n .
For a l l  subseq u en t e x p e rim e n ts , th e  a n t ig e n  d i l u t i o n  was f ix e d  a t  1 :1000 .
At t h i s  d i l u t i o n ,  ap p ro x im ate ly  $00ng th y ro g lo b u lin  were added to  each  w e l l .
5. TEST SERIJli TITRATION
F ig u re  19 shows th e  t i t r a t i o n  o f  TGHA p o s i t iv e  and n e g a tiv e  
re fe re n c e  s e ra  a g a in s t  f ix e d  a n t ig e n  and ASP d i l u t i o n s .  Good 
d i f f e r e n t i a t i o n  o f  p o s i t iv e  and n e g a t iv e  re sp o n se s  was o b ta in e d  a t  
serum d i lu t io n s  l e s s  th a n  1 :1 0 4 , F or subsequen t ex p erim en ts  th e  t e s t  
serum d i l u t io n  was f ix e d  a t  1 :1 0 0 .
4 . INVESTIGATION OF ASSAY CONDITIONS
a ) T em perature o f  a n t ig e n  im m o b ilis a tio n , and w e ll to  w e ll v a r i a t io n
A ntigen  im m o b ilisa tio n  a t  57°C gave f i n a l  ab so rb an ces  47*8^ 
h ig h e r  th a n  d id  im m o b ilisa tio n  a t  4°C, and a ls o  gave s u p e r io r  w e ll to  
w e ll p r e c i s io n  ( c o e f f i c i e n t s  o f  v a r i a t io n  a t  57°C and 4°C were 2 .6 ^  
and 4*5^ r e s p e c t iv e l y ) .
b )  Time co u rse  o f a n t ig e n  im m o b ilisa tio n
The tim e co u rse  o f  a n t ig e n  im m o b ilis a tio n , as  m on ito red  by 
f i n a l  ab so rb an ce , i s  shown in  f ig u r e  20. L i t t l e  in c re a s e  in  f i n a l  
abso rbance i s  o b ta in e d  w ith  in c u b a tio n  tim es above 4 h o u rs . However, 
f o r  co n v en ien ce , a tim e o f  18 h o u rs  (o v e rn ig h t)  Y/as u sed  in  subseq u en t 
ex p e rim e n ts .
c )  Time co u rse  o f a u to a n tib o d y /a n tig e n  r e a c t io n
F ig u re  21 shows th e  tim e co u rse  o f  th e  r e a c t io n  o f a u to a n tib o d y  
p o s i t iv e  and n e g a tiv e  serum sam ples w ith  th e  th y ro g lo b u lin  a n t ig e n .
No in c re a s e  in  absorbance was seen  w ith  r e a c t io n  tim es over 4 h o u rs  
f o r  th e  a u to a n tib o d y  p o s i t iv e  serum . L i t t l e  change was seen  in  th e  
ab so rb an ces  o b ta in e d  w ith  th e  n e g a t iv e  serum .
d) Time co u rse  o f  A S P /au toan tibody  r e a c t io n
The tim e co u rse  o f  th e  A S P /au toan tibody  r e a c t io n  ( f ig u r e  22) 
shows no in c re a s e  in  f i n a l  abso rbance  w ith  in c u b a tio n  tim es o v e r 4 h o u rs .
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Absorbance 492 run
1 .4
1.2
1.0
0 .8
0.6
0 .4
0.2
431 2
D ilu t io n  f a c t o r  o f  serum sam ples where 
d i l u t i o n  = 1 :10^
F ig u re  19
T i t r a t i o n  o f  a n t i - th y r o g lo b u l in  a u to a n tib o d y  
p o s i t iv e  (+) and n e g a tiv e  ( - )  serum sam ples a g a in s t  
f ix e d  d i lu t io n s  o f  th y ro g lo b u lin  a n t ig e n  and ASP.
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Absorbance 492 nm
0 .8
0 .7
0.6
0 .5
0 .4
0 .5
0.2
0.1
160 4 6 12
T h y ro g lo b u lin  a n t ig e n  im m o b ilis a tio n  tim e (h o u rs)
F ig u re  20
E f f e c t  o f  v a ry in g  tim e o f im m o b ilis a tio n  o f  th y ro g lo b u lin  
a n t ig e n  on f i n a l  ELISA r e s u l t s ,  as  d e s c r ib e d  in  th e  t e x t .
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A bsorbance 492 nm
0.8 -
0 .1
(+)
{-)
In c u b a tio n  tim e (h o u rs )
F ig u re  21
E f f e c t  o f v a ry in g  tim e o f  in c u b a tio n  o f  a n t i - th y r o g lo b u l in  
a u to a n tib o d y  p o s i t iv e  (+) and n e g a tiv e  ( - )  serum sam ples w ith  
th y ro g lo b u lin  a n t ig e n ,  on th e  f i n a l  ELISA r e s u l t s .
Absorbance 492 nm
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In c u b a tio n  tim e (h o u rs)
16
F ig u re  22
E f f e c t  o f  v a ry in g  tim e o f  in c u b a tio n  o f  ASP w ith  a n t i -  
th y ro g lo b u lin  a u to a n tib o d y  p o s i t iv e  serum sample on f i n a l  
ELISA r e s u l t s .
130
In  p r a c t ic e  th e  A S P /au toan tibody  r e a c t io n  tim e was f ix e d  a t  18 hours 
u s in g  an ASP d i l u t i o n  o f  1 :5  x lo 4 .  I t  was found th a t  some f l e x i b i l i t y  
in  ASP d i l u t i o n  and in c u b a tio n  tim e (p ro v id ed  t h i s  exceeded 5 h o u rs) 
was p e rm is s ib le  w ith  no e f f e c t s  d e t r im e n ta l  to  th e  r e s u l t s ,
e )  Time co u rse  o f  e n z y m e /su b s tra te  r e a c t io n  and l i n e a r i t y  o f ASP 
re sp o n se  d u r in g  th e  tim e co u rse  o f  th e  enzyme r e a c t io n .
F ig u re  d em o n stra te s  th e  n o n - l i n e a r i t y  o f th e  p e ro x id a se  
enzym e-m ediated r e a c t io n .  T able IX shows th a t  th e  r a t i o  o f h ig h  
TGHA  ^t i t r e  and low TGHA t i t r e  f i n a l  ab so rb an ces  rem ains r e l a t i v e l y  
c o n s ta n t th ro u g h o u t th e  enzyme r e a c t io n .
5 . PRECISION
The w ith in -a s s a y  p r e c i s io n  o f th e  m ethod, w ith  a n t ig e n  
im m o b ilis a tio n  a t  57°C, was 2,6fo ( c o e f f i c i e n t  o f  v a r i a t i o n ) .  The 
b e tw een -assay  p r e c is io n  i s  shown in  ta b le  X. The r e s u l t s  from  
serum 28 c o n ta in  one o u t l i e r ,
6 . BLOOD SAMPLE: EFFECT OF BEAT TREATMENT AND STORAGE
The f i n a l  ab so rbances from  specim ens h e a te d  a t  60°C f o r  
10 m in u te s , and t h e i r  u n tr e a te d  c o u n te rp a r ts  a re  sho-ivn in  ta b le  X I.
The r e s u l t s  from  th e  in a c t iv a te d  specim ens a re  s i g n i f i c a n t l y  
h ig h e r  (p = 0.045  by p a ire d  ’ t ’ t e s t )  th an  th o se  from  th e  u n h ea ted  
specim ens. The e f f e c t  was observ ed  w ith  b o th  p o s i t iv e  and n e g a t iv e  
TGHA serum sam ples.
R epeated  f r e e z in g  and thaw ing  o f  th e  h e p a r in is e d  plasm a gave 
a r e d u c t io n  o f 4 6 .3 ^  in  th e  f i n a l  ab so rb an ce . T his d e c re a se  was n o t 
observed  w ith  th e  serum sam ple.
The e f f e c t s  o f lo n g -te rm  s to ra g e  a t  -20°C a re  shown by th e  i n t e r ­
a ssa y  p r e c i s io n  r e s u l t s  f o r  c o n t ro ls  A and C (see  ta b le  X ). No 
d e t e r io r a t io n  was d e te c te d  in  th e  c o n t ro l  s e ra  over a p e r io d  o f  8 v/eeks.
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Absorbance 492nni
1 . 0 -
0 .4 -
0 .2  -
600 10 5020
In c u b a tio n  tim e (m inu tes)
F ig u re  25
Time co u rse  o f  enzyme m ed iated  c o lo u r  r e a c t io n  a f t e r  perform ance 
o f  th e  i n d i r e c t  ELISA p ro ced u re  w ith  a n t i - th y r o g lo b u l in  a u to a n tib o d y  
p o s i t iv e  (+) and n e g a tiv e  ( - )  serum sam ples as d e s c r ib e d  in  th e  t e x t .
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Table IX
V a r ia t io n  in  r a t i o  o f  p o s i t iv e  to  n e g a tiv e  ELISA resp o n se  
d u r in g  p e ro x id a se  m ed iated  c o lo u r  r e a c t io n .
Time
(m in u tes)
A bsorbance 492 
p o s i t i v e  re fe re n c e  
serum
A bsorbance 492 R a tio
n e g a tiv e  r e fe re n c e  (*^/-) 
serum
  H ___________________
1
2
3 
5
10
20
30
40
60
0 .130
0.265
0 .340
0.510
0 .710
0 .990
1.100
1.200
1.200
0.075
0 .150
0.195
0,280
0 ,430
0 .580
0,680
0,730
1.73  
1.77
1.74  
1,82  
1.65  
1.71
1.76
1 . 6 4
mean r a t i o  ("*"/-) 
s ta n d a rd  d e v ia t io n
1 .73
0 .060
c o e f f i c i e n t  o f  v a r i a t i o n  3.5%
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Table X
B etw een-assay  p r e c i s io n  o f  ELISA method f o r  a n t i - th y r o g lo b u l in  
a u to a n t ib o d ie s .
Serum Mean R e la t iv e  S tan d a rd  C o e f f ic ie n t
Code________A bsorbance_________ D e v ia tio n _____ o f  V a r ia t io n
C R S  0 . 9 5  0 . 0 4 1  ^ ' 8 2
P C  1 .46 'oT^3 10.40
PM 0 . 9 4  0 .0 5  5 .4 0
RG 1.38  0 .1 3  9 .08
MJ 0 ,99  0 .0 7  7.14
9 2 .0 8  0 .1 2  5 .76
28 1 ,40  0 .36  25.60
A  24.77 1 . 8 8  7.57
C 6.95 0 . 4 4  6 . 3 9
(A ll  f ig u r e s  rounded a f t e r  c a lc u la t io n )
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Table XI
E ffe c t  o f  complement in a c t iv a t io n ( b y  h e a t t r e a tm e n t)o n  
f i n a l  ELISA ab so rb an ce .
A bsorbance 492nm 
Serum Non-Heat T re a te d  H eat T re a te d
Code_______ ( u n in a c t iv a te d )_______ ( i n a c t i v a t e d )
BO 1 .08 1 .19
RA 1.1 8 1.20
ND 0 .9 4 1 .00
PL 1.27 1 .29
PE 1.05 1 .04
VI 0 .9 9 1 .00
TA 0 .9 8 0 .9 8
BE 0 .9 9 0 .9 9
PE 1 .0 0 0 .97
HI 0 .9 9 1 .00
GR 1 .00 1.06
VI (2 ) 0 .96 1 .04
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7 . SENSITIVITY
The mean ahsorhance r a t i o  c a lc u la te d  f o r  th e  s e r i e s  o f  6 l  
n e g a tiv e  serum sam ples was 1 .0 6 , w ith  a range  (+ 2SD) o f  0*09 to  2 .2 0 . 
The s e n s i t i v i t y  l i m i t  o f  th e  method was th e re fo re  s e t  a t  an absorbance 
r a t i o  o f  2 .2 0 . ,
8 . SPECIFICITY
The f i n a l  ab so rb an ces  m easured on serum sam ples w ith  a n t i -  
m icrosom al o r  a n t i - n u c le a r  a u to a n tib o d ie s  o r  rheum ato id  f a c t o r  a re  
shoim in  ta b le  X II . None o f  th e  sam ples t e s t e d  gave f i n a l  
ab so rb an ces  h ig h e r  th a n  would be ex p ec ted  on th e  b a s is  o f t h e i r  TGHA 
t i t r e s  (see  s e c t io n  9 ) .
9 . COMPARISON OF ELISA AND HAEMAGGLÜTINATION
The r e s u l t s  o b ta in e d  in  a s e r i e s  o f  44 serum sam ples a ssay ed  
by b o th  th e  ELISA and h a e m a g g lu tin a tio n  methods f o r  a n t i - th y r o g lo b u l in  
a u to a n tib o d ie s  a re  shovm in  f ig u r e  24. A r e l a t i o n s h ip  e x i s t s  betw een 
th e  r e l a t i v e  ab so rb an ces  o b ta in e d  f o r  th e  specim ens, and an e x p o n e n tia l  
f u n c tio n  o f  t h e i r  TGHA t i t r e ,  betw een 1 :1 0  and 1 :5120 .
10. PARLLELISM OF SERUM TITRATION CURVES
F ig u re  25 shows th e  t i t r a t i o n  o f  9 serum sam ples a g a in s t  
f ix e d  a n t ig e n  and ASP d i l u t i o n s .  N o n -p a ra lle lism  i s  e v id e n t in  th e  
t i t r a t i o n  cu rv es  o f  the  serum sam ples w ith  TGHA t i t r e s  o f  l : l 6 0 .
T ran sfo rm a tio n  o f  th e  d a ta  was perform ed to  a tte m p t to  
e l im in a te  d is c re p a n c ie s  in  th e  TGHA t i t r e s  and to  f a c i l i t a t e  com parison  
o f th e  c u rv e s . Two tra n s fo rm a tio n s  were c a r r i e d  o u t:
( i )  To r e l a t e  th e  re sp o n se  f o r  each  serum d i l u t i o n  to  th e  maximum 
re sp o n se  f o r  t h a t  serum .
The f i n a l  ab so rb an ces  o b ta in e d  f o r  each  serum a t  d i l u t i o n  1 :1 0
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Table XII
ELISA . r e s u l t s  o b ta in e d  from serum sam ples c o n ta in in g  a n t i-  
m icrosom al o r  a n t i - n u c le a r  a u to a n t ib o d ie s ,  o r rheum ato id  f a c t o r .
imp le TGHA
t i t r e
MCHA
t i t r e
ANA
t i t r e
RhP*
sco re
ELISA
r e l a t i v e
ab so rbance
1 <10 20^ 1 .0 0
2 <10 4 o2 - - 1 .00
3 <10 4 o2 - - 1 .17
4 160 4 o2 - - 8 .0 0
5 <10 80^ - - 0 .6 7
6 10 80^ - — 2 .6 7
7 40 3202 - - 5 .0 0
8 160 64o2 - — 8 .1 7
9 <10 <1q2 80 - 1 .17
10 320 <1q2 80 - 9 .6 7
11 20 <1q2 160 - 2 .0 0
12 <10 <1q2 320 - 1 .0 0
13 20 102 320 — 3.3 3
14 10 <102 1280 - 2 .6 7
15 10 - - + 0 .9 5
16 40 - - 4 .2 9
17 80 - - +++ 6 .4 3
18 80 - — •{•++ 6 .0 0
Ih.E . s c a le  = 0 to  ++++ , u s in g la t e x f i x a t i o n  t e s t
-  in d ic a te s  t h a t  th e  serum sam ple was n o t a ssay ed  
f o r  t h a t  com ponent.
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TGHA
t i t r e
1280
2CL
160
160
•H-P 160
-pr-4
<10
m
5 H
D ilu t io n  f a c to r  o f serum sam ples where 
d i l u t i o n  = 1 :10^
F ig u re  25
T i t r a t i o n  o f 9 serum sam ples a g a in s t  f ix e d  d i lu t io n s  
o f th y ro g lo b u lin  a n t ig e n  and ASP.
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were used  as  r e fe re n c e  p o in t s ,  and th e  rem a in in g  abso rb an ces  f o r  each
serum were r e l a t e d  to  th e  r e fe re n c e  p o in t  by th e  e q u a tio n
^ . t e s t  absorbance „ m nf maximum response = V eferenoe absorbance ^
The r e s u l t s  o f  t h i s  t r a n s fo rm a tio n  a re  shown in  f ig u r e  26 .
( i i )  To g e n e ra te  a re sp o n se  v a lu e  which i s  r e l a t e d  to  th e  f r a c t i o n
An a r b i t r a r y  abso rbance  (2 .0 )  was u sed  as  a r e fe re n c e  p o in t ,  
and a l l  ab so rb an ces  were r e l a t e d  to  th e  re fe re n c e  p o in t  by th e  e q u a tio n
H bound 1 t e s t  abso rbancef r e e  J  ~ a r b i t r a r y  r e fe re n c e  abso rbance  -  t e s t  abso rbance
The r e s u l t s  o f t h i s  tr a n s fo rm a tio n  a re  shown in  f ig u r e  2? .
I t  sh o u ld  be no ted  t h a t  in  f ig u re  26 and 27 , two o f  th e  l i n e s
r e p re s e n t in g  serum sam ples w ith  h a e m a g g lu tin a tio n  t i t r e s  o f  <1î10  were
in d i s t in g u is h a b le ,  and a re  re p re s e n te d  by o n ly  one l i n e .
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maximum
resp o n se
1004
80-
60 -
40-
2 0 -
TGHA
t i t r e
<10
<10
<10
,160
160
D ilu t io n  f a c t o r  o f  serum sam ples where 
d i l u t io n  = 1 :10
FijSure 26
T i t r a t i o n  o f 9 serum sam ples a g a in s t  f ix e d  d i l u t i o n s  o f  
th y ro g lo b u lin  a n tig e n  and ASP, Response d a ta  tra n s fo rm e d  as 
d e s c r ib e d  in  th e  t e x t .
In  t h i s  and th e  n e x t f i g u r e ,  th e  in d iv id u a l  d a ta  p o in ts  
have been  o m itte d  f o r  c l a r i t y .
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C rb o u n d l
J [ f r e e  j TGHA
t i t r e
1280
160
160
160
0 .4  '
<10
54521 H
D ilu t io n  f a c t o r  o f  serum sam ples where 
d i l u t i o n  = 1 :10^
F ig u re  27
T i t r a t i o n  o f  9 serum sam ples a g a in s t  f ix e d  d i lu t io n s  
o f th y ro g lo b u lin  a n tig e n  and ASP. Response d a ta  tra n s fo rm e d  
as  d e s c r ib e d  in  th e  t e x t .
142
D isc u ss io n
The exp erim en ts  in  t h i s  c h a p te r  were d es ig n ed  to  t e s t  th e  
a p p l ic a t io n  o f  th e  i n d i r e c t  micro-ELISA te ch n iq u e  to  th e  in v e s t ig a t io n  
o f  a n t i - th y r o g lo h u l in  a u to a n t ib o d ie s .  D uring  th e  co u rse  o f  t h i s  s tu d y , 
th re e  o th e r  groups r e p o r te d  th e  r e s u l t s  o f  s im i la r  s tu d ie s  ( l 62 , I 63 , I 64 ) 
A d d it io n a l ly ,  Endo e t  a l .  (165 ) have r e p o r te d  an ELISA method f o r  th e  
measurem ent o f serum th y ro g lo b u lin  c o n c e n tra t io n s ,  and O htaki e t  a l .
(166) have r e p o r te d  th e  use  o f  an ELISA method f o r  th e  d e te c t io n  o f 
th y r o g lo b u l in /a n t i - th y r o g lo b u l in  a u to a n tib o d y  com plexes in  th e  
c i r c u l a t i o n .
ANTIGEN PURIFICATION
The two chrom atograph ic  s e p a ra t io n s  dem on stra ted  
t h a t  th y ro g lo b u lin  p re p a re d  by d i f f e r e n t i a l  ammonium s u lp h a te  
p r e c i p i t a t i o n  ( I 6I )  was co n tam in a ted  by ( i )  a su b s tan ce  which e lu te d  
in  th e  v o id  volume on Sepharose 2B chrom atography, and w hich r e a c te d  
w ith  a serum known to  be r e a c t iv e  a g a in s t  th y ro id  m icrosom es. F u r th e r  
exp erim en ts  to  be d e s c r ib e d  in  C hap ter 4 d em o n stra ted  t h a t  th y ro id  
microsomes were e lu te d  in  th e  same volum e, s u g g e s tin g  t h a t  the  
co n tam in a tio n  yisls th y ro id  m icrosom es. ( i i )  G c l a s s  im m unoglobulins.
The p resen ce  o f  IgG in  th e  th y ro g lo b u lin  a n t ig e n  would g iv e  r i s e  to  
h ig h  b la n k  l e v e ls  in  the  ELISA a ssa y  i f  im m obilised  c o n c u r re n t ly  w ith  
th e  a n t ig e n .  I t  was th e re fo re  d ec id ed  to  use th o se  th y ro g lo b u lin -  
c o n ta in in g  f r a c t io n s  e lu te d  from  S ep h acry l S -3OO s u p e r f in e  w hich were 
f r e e  o f IgG as  th e  a n t ig e n .  T hyro id  microsomes would be e x p e c te d  n o t 
to  e n te r  S ep h acry l S -3OO s u p e r f in e ,  so t h i s  so u rce  o f in te r f e r e n c e  was 
a ls o  e l im in a te d .  At th e  tim e th a t  t h i s  s e c t io n  o f  work was perfo rm ed
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i t  was n o t p o s s ib le  to  s e p a ra te  more f u l l y  th e  th y ro g lo b u lin  from  
c o n ta m in a tin g  IgG. Sephadex G200 ( I 63 ) ,  and Sepharose 4B (164) 
chrom atography have been  u sed  to  p u r i f y  th y ro g lo b u lin  f o r  ELISA 
m ethods. However S ep h acry l S -3OO s u p e r f in e  chrom atography was u sed  
in  t h i s  s tu d y , s in c e  i t  p e rm its  th e  s e p a ra t io n  o f  h ig h  m o lecu la r 
w eigh t p r o te in s ,  a t  r e l a t i v e l y  h ig h  e lu t io n  r a t e s .
The p r o te in  c o n te n t o f  th e  p re p a ra t io n  was e s t im a te d  by 
m easuring  th e  abso rbance  a t  210nm. Endo e t  a l .  ( I 62) and V o ile r  
e t  a l .  ( 163) m easured th e  p r o te in  c o n te n t o f t h e i r  p re p a ra t io n s  by 
t h e i r  absorbance a t  280nm. However, i t  has been  su g g e s te d  ( I 67 ) 
t h a t  q u a n t i t a t io n  o f th y ro g lo b u lin  a t  280nm may n o t be r e l i a b l e  
because  o f  v a r i a t io n  in  ty ro s in e  and iodoam ino a c id  c o n te n t o f  th e  
p r o te in .  Q u a n ti ta t io n  o f  p r o te in s  a t  210nm depends upon th e  e s t im a t io n  
o f  p e p tid e  l in k a g e s  r a th e r  th a n  th e  number o f ty r o s y l  r e s id u e s  ( I 68 ) ,
. so i t  was c o n s id e re d  th a t  t h i s  would p ro v id e  a more a c c u ra te  e s t im a t io n  
o f  the  p r o te in  c o n te n t .
ANTIGEN AND TEST SERUM TITRATIONS AND ASSAY CONDITIONS
E xperim ents were perform ed  to  a llo w  th e  d e te c t io n  o f  an 
a n t ig e n - r e l a te d  a u to a n tib o d y  re sp o n se  and to  o p tim ise  t h a t  re s p o n s e .
No in te r f e r e n c e  was observed  from  a n ti-m ic ro so m a l o r  a n t i - n u c le a r  
a u to a n tib o d ie s  o r  from  rheum ato id  f a c t o r .  Serum sam ples were found  
to  be s u p e r io r  to  p lasm a, p a r t i c u l a r l y  i f  th e  sam ples were s to r e d  
d e e p -fro z e n . Complement in a c t iv a t io n  o f th e  sam ple, n e c e s s a ry  in  
h ae m a g g lu tin a tio n  a s s a y s ,  was n o t n e c e s s a ry  f o r  t h i s  m ethod, and was 
found to  produce s ig n i f i c a n t l y  e le v a te d  r e s u l t s .  T h is  e f f e c t  i s  n o t 
n e c e s s a r i ly  a u to a n t ib o d y - r e la te d ,  s in c e  i t  was o bserved  in  b o th  a u to ­
immune and non-autoimmune serum sam ples . A sse ss in g  th e  v a l i d i t y  o f
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th e  ELISA method i s  d i f f i c u l t ,  s in c e  th e  on ly  e s ta b l i s h e d  method fo r  
a s s a y in g  th y ro id  a u to a n tib o d ie s  i s  h a e m a g g lu tin a tio n , w hich has c e r t a in  
l i m i t a t i o n s .  However, th e  fo llo w in g  a s p e c ts  were c o n s id e re d , and a re  
compared w ith  th e  f in d in g s  o f  Endo e t  a l .  ( I 62 ) ,  V o ile r  e t  a l .  (163 ) ,  
and G a llag h e r and Wisdom (164 ) .
PRECISION
•The c o e f f i c i e n t s  o f  v a r i a t io n  were 4*5^ (w ith in  a s sa y )  and 
5 .8  -  1 0 . 45^  (betw een a s s a y , e x c lu d in g  one s e t  o f d a ta  w hich c o n ta in e d  
an o u t l i e r ) .  The method o f  Endo e t  a l .  ( 162) gave c o rre sp o n d in g  
f ig u r e s  o f 6 .5  -  1 0 .5 ^  and 4*9 -  14«l^» th a t  o f G a llag h e r and Wisdom 
(164) gave 2 -  y/o and 6 -  13^. No p r e c i s io n  f ig u r e s  were r e p o r te d  by 
V o ile r  e t  a l .  ( I 63 ) .  These f ig u r e s  a re  v ery  s im i la r  and may be 
c o n s id e re d  ad eq u a te  f o r  t h i s  ty p e  o f  a s s a y .
SENSITIVITY
S e n s i t i v i t y  d e s c r ib e s  th e  a b i l i t y  o f  an a ssa y  system  to  
d is c r im in a te  betw een sam ples w ith  v e ry  lo w .c o n c e n tra tio n s  o f  a n a ly te  
and th o se  in  which th e  a n a ly te  i s  a b s e n t.  In  term s o f  th e  m easured 
re sp o n se , th e r e f o r e ,  th e  s e n s i t i v i t y  l i m i t  i s  th e  lo w est re sp o n se  
w hich i s  s i g n i f i c a n t l y  d i f f e r e n t  from  th e  re sp o n se  a t  ze ro  d o se .
The s e n s i t i v i t y  l i m i t  in  th e  a ssa y  in  t h i s  s tu d y  was s e t  a t  2 
s ta n d a rd  d e v ia tio n s  above th e  mean re sp o n se  in  th e  absence o f  th y ro id  
a u to a n t ib o d ie s :  s in c e  th e  ran g e  o f re sp o n se  ( + 2  S.D . from  th e  mean)
o b ta in e d  from  6 l n e g a t iv e  serum sam ples was 0 .0 9  to  2 .2 0 , th e  s e n s i t i v i t y  
l i m i t  was s e t  a t  r e l a t i v e  abso rbance  2 .2 0 . Any serum sample g iv in g  a 
re sp o n se  in  ex cess  o f  t h i s  f ig u r e  was c o n s id e re d  p o s i t i v e .
Endo e t  a l .  (162) d e f in e d  th e  s e n s i t i v i t y  l i m i t  as  t h a t  q u a n t i ty  
o f  a n t i - th y r o g lo b u l in  a u to a n tib o d y  w hich gave double th e  re sp o n se  o f  th e
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b la n k . S ince th e se  w orkers c a l ib r a t e d  t h e i r  a s sa y  in  term s o f  mass 
c o n c e n tra t io n  u n i t s ,  th e  s e n s i t i v i t y  l i m i t  o f t h e i r  a s sa y  was 220ng
a u to a n tib o d y /m l when 5 |il serum were a ssa y e d , o r 79ng/m l when 30^1 o f  
serum were a ssa y e d . V o ile r  e t  a l .  (163 ) observ ed  t h a t  955  ^ o f non- 
autoimmune s e ra  a ssay ed  by t h e i r  method gave ab so rb an ces  l e s s  th a n  I . 4 , 
and c l a s s i f i e d  ab so rb an ces  above t h i s  l e v e l  a s  p o s i t i v e .  G a llag h e r and 
Wisdom (164) d id  n o t r e p o r t  on th e  s e n s i t i v i t y  o f  t h e i r  m ethod.
SPECIFICITY
S p e c i f i c i t y  was in v e s t ig a te d  by a s sa y in g  th o se  a u to a n tib o d ie s  
which m ight i n t e r f e r e .  No in te r f e r e n c e  was observ ed  from  a n t i-m ic ro ­
somal o r a n t i - n u c le a r  a u to a n t ib o d ie s ,  o r from  rheum ato id  f a c t o r .
Endo e t  a l .  (162 ) su g g e s te d  th a t  t h e i r  method was s p e c i f i c  
on th e  grounds t h a t  no p o s i t iv e  re sp o n se s  were o b serv ed  from  a n t i -  
th y ro g lo b u lin  a u to a n tib o d y  n e g a tiv e  serum sam ples , and on th e  b a s i s  
o f p a r a l le l i s m  o f  t h e i r  s ta n d a rd  cu rve and cu rv es  o b ta in e d  from  s e r i a l l y  
d i lu te d  p o s i t iv e  serum sam ples. A lthough th e  l a t t e r  method i s  u sed  
to  con firm  th e  s p e c i f i c i t y  o f immunoassays f o r  a n t ig e n s ,  th e  r e p o r te d  
v a r i a b i l i t y  o f i  a v i d i ty  o f p o ly c lo n a l a n t ib o d ie s  and th e  dependency 
o f th e  i n d i r e c t  ELISA method on a n tib o d y  a v i d i ty  ( 13I ,  132) may 
red u ce  th e  v a lu e  o f  t h i s  method o f in v e s t ig a t io n  o f s p e c i f i c i t y  v/hen 
a p p lie d  to  a s sa y s  f o r  a n t ib o d ie s .
G a llag h e r and Wisdom (164 ) su g g e s te d  th a t  t h e i r  a ssa y  was 
s p e c i f i c  f o r  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  on th e  b a s is  o f  th e  
c o r r e l a t i o n  o f t h e i r  r e s u l t s  w ith  th o se  o b ta in e d  by TGHA. The 
com parison o f  ELISA and TGHA r e s u l t s  w i l l  be d is c u s s e d  below .
V o ile r  e t  a l .  ( I 63 ) d id  n o t r e p o r t  on th e  s p e c i f i c i t y  o f  t h e i r  
m ethod, b u t n o te d  a p o s i t iv e  re sp o n se  from  2 serum sam ples n e g a t iv e  
by TGHA, b u t p o s i t iv e  f o r  an ti-m ic ro so m a l a u to a n tib o d ie s  by immuno­
f lu o re s c e n c e .
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COMPARISON OF ELISA AIID HAEMGGLÜTINATION
Com parison o f  r e s u l t s  o b ta in e d  by th e  ELISA method w ith  TGHA 
t i t r e s  i s  o f  l im i te d  v a lu e , f o r  th e  fo llo w in g  re a s o n s .
( i )  The p r e c i s io n  o f  th e  TGHA method i s  p o o r. (T h is to p ic  has been  
d is c u s s e d  in  c h a p te r  2 ) .
( i i )  The d i s c o n t in u i ty  o f  th e  re sp o n se  in  h a e m a g g lu tin a tio n  a ssa y s  
r e s u l t s  in  in a c c u ra c y  o f th e  m ethod. H aem ag g lu tin a tio n  i s  t e s t e d  on ly  
a t  s p e c i f i c  serum d i l u t i o n s ,  each  o f w hich i s  100^ g r e a te r  o r  l e s s  
th an  i t s  n e ig h b o u r, so th e  p o t e n t i a l  e r r o r  on any TGHA t i t r e  may 
approach  100^,
( i i i )  A lthough TGHA i s  a b le  to  d e te c t  th e  p re sen ce  o f a n t i - th y r o g lo b u l in  
a u to a n tib o d ie s  in  h ig h  t i t r e  serum sam ples a t  h ig h  d i lu t io n s  ( l ; 1 0 ,  24O 
o r  h ig h e r ) ,  i t s  a b i l i t y  to  d e te c t  v e ry  low le v e l s  o f  a u to a n tib o d ie s  i s  
q u e s t io n a b le .  Low TGHA t i t r e s  ( i e .  < 1 :80) a re  c o n s id e re d  c l i n i c a l l y  
i n s i g n i f i c a n t ,  and serum sam ples w ith  low TGHA t i t r e s  may show no 
r e a c t io n  in  th e  i n d i r e c t  im m unofluorescence a ssa y  f o r  a n t i - th y r o g lo b u l in  
a u to a n t ib o d ie s ,  s u g g e s tin g  th a t  th e  h a e m a g g lu tin a tio n  method may produce 
f a l s e  p o s i t iv e  r e s u l t s .  The p re sen ce  o f  a h a e m a g g lu tin a tio n  i n h i b i t i n g  
f a c t o r  (114) may produce f a l s e  n e g a t iv e  r e s u l t s .
D e sp ite  th e  l im i t a t i o n s  o f th e  h a e m a g g lu tin a tio n  m ethod, good 
agreem ent betw een TGHA and ELISA r e s u l t s  was o b ta in e d  in  t h i s  s tu d y  
( r  = 0 .887  by  l i n e a r  r e g r e s s io n  a n a l y s i s ) ,  by V o ile r  e t  a l .  ( I 63)
( r  = 0 .8 2  by th e  Spearman ran k  c o r r e l a t i o n  m ethod), and by G a llag h er 
and Wisdom ( I 64 ) ( r  = 0 .8 3 ) .  The method o f  Endo e t  a l .  ( 162) gave a  
c o r r e l a t i o n  c o e f f i c i e n t  o f 0 .7 8  when compared w ith  a TGHA method, 
and 0 .8 0  when compared w ith  a double an tib o d y  ra d io a s s a y  method.
147
PARALLELISM OF SERIBI TITRATION CURVES
F ig u re s  25, 26 and 27 were c o n s tru c te d  to  a s s e s s  th e  p a r a l le l i s m  
o f  th e  ELISA resp o n se  o f s e r i a l  serum d i l u t i o n s .  F ig u re  25 , showing 
th e  r e l a t i v e  ahso rhance o b ta in e d  f o r  each  serum d i l u t i o n  su g g e s ts  t h a t  
th e  cu rv es  a re  n o t p a r a l l e l .
T ran sfo rm a tio n  o f  th e  d a ta  by  th e  methods d e s c r ib e d  confirm ed  
th e  n o n -p a ra l le l is m  o f  th e  c u rv e s . The n o n -p a ra l le l is m  o f th e  cu rv es  
a g re e s  w ith  p re v io u s  f in d in g s  f o r  a n t ib o d ie s  ( l 3 l ) .
Endo e t  a l .  ( l6 2 )  su g g es ted  th a t  resp o n se  cu rv es  d e r iv e d  from  
s e r i a l l y  d i l u te d  a n t i - th y r o g lo b u l in  autoimmune serum sam ples p a r a l l e l e d  
th e  s ta n d a rd  curve used  in  t h e i r  a s s a y .  The ev id en ce  f o r  t h i s  s u g g e s tio n  
i s  n o t ,  how ever, c o n c lu s iv e . The method o f Endo e t  a l .  ( l6 2 )  depends 
upon a  d i f f e r e n t  p r in c ip le  to  t h a t  u sed  in  t h i s  s tu d y , and p a r a l le l i s m  
s tu d ie s  may be in f lu e n c e d  by d i f f e r e n t  f a c to r s  in  th e  two a s s a y s .
The com m unication o f  in d i r e c t  ELISA r e s u l t s  to  c l i n i c i a n s  has 
r e c e n t ly  been  d is c u s s e d  by de Savigny and V o ile r  ( l 3 l ) .  I t  i s  a p p a re n t 
t h a t  th e  r e p o r t in g  o f  absorbance v a lu e s  o r r e l a t i v e  ab so rb an ces  i s  
n o t s a t i s f a c t o r y .  F e ig n e r  ( 169) has r e p o r te d  t h a t  some m easure o f 
a n tib o d y  a v i d i ty  may be d e term ined  and r e p o r te d ,  b u t t h i s  method h as  
n o t been  w id e ly  a c c e p te d . The use  o f  a  s ta n d a rd  cu rve  has l i m i t a t i o n s  
in  i n d i r e c t  ELISA m ethods ( l 3 l ) ,  b u t th e  use o f  such cu rv es  would 
p o s s ib ly  g iv e  a  more m ean ingfu l in d ic a t io n  o f a u to a n tib o d y  c o n c e n tra t io n  
th a n  a b so rb a n c e s , o r r e l a t i v e  ab so rb an ces  which have th e  in h e re n t  
im p lic a t io n  o f a  l i n e a r  r e l a t io n s h ip  to  a u to a n tib o d y  c o n c e n tr a t io n .
EFFECTS OF THYROGLOBULIN
The e f f e c t s  o f  th y ro g lo b u lin  in  th e  ELISA method f o r  a n t i -  
th y ro g lo b u l in  a u to a n tib o d ie s  were in v e s t ig a te d  by Endo e t  a l .  ( l 6 2 ) .
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The r e s u l t s  su g g es ted  t h a t  th y ro g lo b u lin  a t  c o n c e n tra t io n s  c h a r a c t e r i s t i c  
o f  e u th y ro id  s u b je c ts  ( l3 * 3 n g /m l) and p a t i e n t s  w ith  H ash im o to 's  
t h y r o i d i t i s  ( l2 3 n g /m l) o r  G raves d is e a s e  (214ng/m l) d id  n o t i n t e r f e r e  
in  th e  a s s a y . S im ila r  r e s u l t s  would be ex p ec ted  in  th e  c u r r e n t  s tu d y  
and th o se  o f  V o ile r  e t  a l .  ( I 6 3 ) ,  and G a lla g h e r and Wisdom ( I 64 ) .
GENERAL ASPECTS
The methods o f  V o ile r  e t  a l .  ( 163) and G a lla g h e r  and Wisdom 
( 164) a re  s im i la r  to  t h a t  p re se n te d  in  t h i s  s tu d y , a lth o u g h  V o ile r  e t  a l .  
em ployed p o ly v in y l m ic r o t i t r e  p l a t e s .  Endo e t  a l .  ( 162) in v e s t ig a te d  
two ty p e s  o f enzyme immunoassay. The f i r s t  was s im i la r  to  t h a t  
p re s e n te d  h e re ,  ex ce p t t h a t  s i l i c o n e  ru b b e r ro d s  were u sed  a s  th e  
s o l id  p h a se . The second method was s im i la r  to  th e  ra d io a s s a y  re p o r te d  
by  Leonard (4 3 ) ,  ex c e p t t h a t  an enzyme re p la c e d  ^ ^ ^ lo d in e  a s  th e  l a b e l .  
The fo rm er o f th e s e  two methods was abandoned due to  h ig h  b la n k  r e s u l t s  
and consequen t la c k  o f s e n s i t i v i t y .  The l a t t e r  m ethod, a lth o u g h  
c o n s id e re d  by  th e  a u th o rs  to  be s u p e r io r ,  r e q u ire d  enzyme la b e l le d  
th y ro g lo b u l in ,  w hich , u n lik e  enzym e/an tibody  c o n ju g a te s ,  i s  n o t c u r r e n t ly  
a v a i la b le  co m m ercia lly .
H o rse -ra d is h  p e ro x id a se  was th e  l a b e l l i n g  enzyme in  th e  a s s a y  
r e p o r te d  h e re .  V o ile r  e t  a l .  ( 163) ,  and G a lla g h e r and Wisdom ( 164) 
u sed  a lk a l in e  p h o sp h a ta se , w h ile  Endo e t  a l .  ( I 62 ) fav o u red  th e  u se  o f  
p -D -g a la c to s id a s e , w ith  f lu o r im e tr i c  end p o in t  m easurem ent, f o r  
enhanced s e n s i t i v i t y .
The in d i r e c t  micro-ELISA method has been  shown to  be a p p l ic a b le  
to  th e  a s s a y  o f  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  by th r e e  in d ep en d an t 
g roups ( t h i s  s tu d y , I 6 3 , I 64 ) .  A f o u r th  group ( I 6 2 ) have u sed  a 
c lo s e ly  r e l a t e d  method which was a l s o  s a t i s f a c t o r y .  A lthough V o ile r
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e t  a l*  ( 163) su g g es ted  t h a t  th e  method la ck ed  s e n s i t i v i t y ,  t h i s  
c o n c lu s io n  m ight have been a  r e s u l t  o f  l im i t a t i o n s  o f  th e  haem agglut­
in a t io n  method w ith  w hich i t  was com pared, o r  o f t h a t  p a r t i c u l a r  ELISA 
sy stem , w hich may have been  s u b je c t  to  in te r f e r e n c e  by  a n ti-m ic ro so m a l 
a u t o an t ib o d ie s .
D esp ite  th e  s u c c e s s fu l  a p p l ic a t io n  o f  th e  i n d i r e c t  ELISA method 
to  th e  a s s a y  o f  a n t i - th y r o g lo b u l in  a u to a n t ib o d ie s ,  r e p o r t in g  r e s u l t s  
to  c l i n i c a l  s t a f f  p r e s e n ts  some d i f f i c u l t i e s ,  and th e  i n d i r e c t  ELISA 
method i s  n o t l i k e l y  to  re p la c e  th e  h a e m a g g lu tin a tio n  m ethods c u r r e n t ly  
a v a i la b le  f o r  ro u t in e  c l i n i c a l  p r a c t i c e .  The te c h n iq u e  i s ,  how ever, 
a  v a lu a b le  re s e a rc h  t o o l ,  and i s  s u f f i c i e n t l y  f l e x i b l e  to  be u sed  in  an 
a s s a y  f o r  th e  d e te c t io n  o f  a u to a n t ib o d ie s ,  o r to  in v e s t ig a t e  th e  
a u to im m u n o re a c tiv ity  o f  a n t ig e n  f r a c t i o n s  d e r iv e d  from  ch rom atog raph ic  
p ro c e d u re s .
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CHAPTER IV
AN EXAMINATION OF THE THYROID 
MICROSOML ANTIGEN
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INTRODUCTION
The work o f  B e ly av in  and T r o t te r  (44) in d ic a te d  th a t  th e  
co m p lem en t-fix in g  a n tig e n  e x t r a c te d  from  th y ro to x ic  th y ro id  g lan d s 
was sed im en ted  by h ig h -sp e e d  c e n t r i f u g a t io n .  D i f f e r e n t i a l  c e n t r i f u g a t io n  
in  su c ro se  by th e  method o f  S ch n e id e r (170 ) in d ic a te d  th a t  th e  a n t i ­
gen ic  m a te r ia l  was r e l a t e d  to  th e  m icrosom al f r a c t i o n  o f th e  c e l l s .
The term s m icrosom es, and m icrosom al f r a c t io n  r e f e r  to  t h a t  f r a c t i o n  
sed im ented  by u l t r a c e n t r i f u g a t i o n  a t  ap p ro x im ate ly  100,000 x g , a f t e r  
rem oval o f  l a r g e r  p a r t i c l e s  by 10 ,000  x g c e n t r i f u g a t io n .  The f r a c t i o n  
c o n s is t s  o f s u b c e l lu la r  p a r t i c l e s  w ith  d e n s i t i e s  l e s s  th a n  th a t  o f 
m ito c h o n d ria .
E f f e c ts  o f  th y ro g lo b u lin  co n tam in a tio n  o f  microsomes in  a n ti-m ic ro so m a l 
a u to a n tib o d y  d e te c t io n  sy stem s .
Three o f th e  methods a v a i la b le  f o r  th e  d e te c t io n  o f  a n t i -  
m icrosom al a u to a n t ib o d ie s ,  th e  h a e m a g g lu tin a tio n  (4 9 , 50 ) complement 
f i x a t io n  (45 , 171 ) and r a d io  (4 2 , 115 , 120) a s s a y s ,  r e q u i r e  th e  u se  o f  
i s o la te d  th y ro id  microsomes as th e  a n t ig e n .  In  c o n t r a s t ,  th e  immuno­
f lu o re s c e n c e  method r e q u i r e s  th e  use  o f th y ro id  m icrosomes w ith in  
th y ro id  a c in a r  c e l l s  in  th in  c r y o s ta t  s e c t io n s  o f th y ro to x ic  th y ro id  
g la n d . The w ashing p ro ced u res  u sed  in  im m unofluorescence a ssa y s  f o r  
an ti-m ic ro so m a l a u to a n tib o d ie s  remove any th y ro g lo b u lin ;  l i t t l e ,  i f  
any, in te r f e r e n c e  from  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  i s  o b se rv e d .
In  th e  complement f i x a t io n  t e s t  f o r  a n ti-m ic ro so m a l a u to ­
a n t ib o d ie s ,  n o n - in te r f e re n c e  from  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  
i s  a s s u re d  by th e  la c k  o f complement f ix in g  a b i l i t y  o f th e  l a t t e r  
a u to a n tib o d ie s  ( 56) ,  even i f  th e  m icrosom al a n t ig e n  i s  co n tam in a ted  
w ith  th y ro g lo b u l in .  C onsequen tly  th e  p u r i ty  o f  th e  a n t ig e n  i s  n o t  
im p o r ta n t.
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In  h a e m a g g lu tin a tio n  a ssa y s  f o r  an ti-m ic ro so m a l a u to a n t ib o d ie s ,  
th y ro g lo b u lin  co n tam in a tio n  o f th e  m icrosom al a n t ig e n  w i l l  g iv e  r i s e  
to  in te r f e r e n c e  from  a n t i - th y r o g lo b u l in  a u to a n t ib o d ie s .  In  th e  
method o f  Amino e t  a l .  (5 0 ) , th y ro g lo b u lin  co n tam in a tio n  was n o t 
rem oved, and in te r f e r e n c e  from  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  has 
r e c e n t ly  been  n o te d  (4 ) .  Tivo MCHA k i t  methods a re  c u r r e n t ly  a v a i l a b l e .  
The Microsome T e s t ,  (F u jiz o k i)  method has been  e v a lu a te d  (49 , 1 7 2 ), 
and in te r f e r e n c e  from  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  was n o te d .
The Thymune M T e s t (W ellcom e), method u se s  p re -a d s o rp t io n  o f a n t i -  
th y ro g lo b u lin  a u to a n tib o d ie s  from  th e  serum , by th y ro g lo b u lin  in c o rp ­
o ra te d  in  th e  t e s t  serum d i l u e n t ,  to  e l im in a te  t h i s  so u rce  o f  i n t e r ­
fe re n c e  (Wellcome R eagen ts L td . ,  P e rso n a l C om m unication). Amino 
e t  a l .  (50 ) su g g es ted  th a t  such p re -a d s o rp t io n  was u n n e c e ssa ry .
In  th e  r a d io a s s a y  method o f M ori, F is h e r  and K r is s  ( I I 5 ) ,  i t  
was n o te d  th a t  an l a b e l le d  LATS p re p a ra t io n  (w hich p ro b ab ly
c o n ta in e d  c o n c u r re n t ly  l a b e l le d  an ti-m ic ro so m a l a u to a n t ib o d ie s )  was 
d is p la c e d  from  a th y ro id  m icrosom al e x t r a c t  by a serum sample knovm 
to  c o n ta in  a n t i - th y r o g lo b u l in  a u to a n t ib o d ie s ,  a n d th a t  ^^^1 la b e l l e d  
a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  were a b le  to  b in d  to  th e  m icrosom al 
e x t r a c t .  The a u th o rs  concluded  t h a t  th e  m icrosom es p ro b ab ly  c o n ta in e d  
th y ro g lo b u lin  a t ta c h e d  to  t h e i r  s u r f a c e s ,  d e s p i te  e x te n s iv e  w ash ing .
The a u th o rs  su g g e s te d  th a t  t h e i r  method was s p e c i f i c  f o r  a n ti-m ic ro so m a l 
a u to a n tib o d ie s  (42 ) ,  b u t  th e  s p e c i f i c i t y  must be dependant upon th e  
absence o f  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s  in  th e  ^^5% la b e l l e d  
an ti-m ic ro sb m a l a u to a n tib o d y  p r e p a r a t io n .
F u r th e r  s tu d ie s  on th e  m icrosom al e x t r a c t  by Mori and K r is s  
(175 ) in d ic a te d  t h a t  tre a tm e n t o f th e  e x t r a c t  w ith  0 .2 ^  d eo x y ch o la te  
in c re a s e d  th e  b in d in g  o f  an ti-m ic ro so m a l a u to a n tib o d ie s  by lOfo,
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The e f f e c t s  o f such tre a tm e n t on th y ro g lo b u lin  co n tam in a tio n  were n o t 
n o te d , b u t Kung e t  a l .  ( l? 4 )  in  1981 used  microsomes t r e a t e d  o v e rn ig h t 
w ith  0.2/^ d e o x y ch o la te , in  a d o u b le -a n tib o d y  r a d io a s s a y .  The absence 
o f  co n ta m in a tin g  th y ro g lo b u lin  was in d ic a te d  by f a i l u r e  o f  th e  t r e a te d  
p re p a ra t io n  to  i n h i b i t  h a e m a g g lu tin a tio n  by a TGHA-positive serum in  
a TGHA system . M a r io t t i  e t  a l .  ( l7 5 ) ,  and P in ch e ra  e t  a l .  (4 ) have 
r e c e n t ly  exam ined th e  u se  o f  T r i to n  X-100, L ith ium  d i i o d o s a l i c y la te ,
5M KOI, p ap a in  and t r y p s in  f o r  th e  s o lu b i l i s a t i o n  o f m icrosom al a n t ig e n .  
T r i to n  X-100 and L ith ium  d i io d o s a l ic y la te  were th e  most e f f e c t iv e  
s o lu b i l i s i n g  a g e n ts ,  b u t i t  was found th a t  a l l  s o l u l i l i s e d  microsome 
p re p a ra t io n s  c o n ta in e d  th y ro g lo b u lin .
In  1973, Tangen e t  a l .  ( 176 ) r e p o r te d  th e  i s o l a t i o n  o f  r a t  
l i v e r  microsomes from  co n ta m in a tin g  p r o te in s ,  by means o f Sepharose-2B  
g e l chrom atography.
Sepharose-2B  w i l l  exc lude  s o lu te s  w ith  m o lecu la r w e ig h ts  in  
ex cess  o f 2-4  x 10^ d a l to n s ,  and p a r t i c u l a t e  m a te r ia l  sm a ll enough to  
p ass  th ro u g h  th e  spaces  (9-38|im d iam .) in  th e  g e l .  S o lu te s  w ith  
m o lecu la r w eights; < 2 x 10^ w i l l  be r e ta r d e d  by th e  g e l .  Tangen e t  a l .  
su g g es ted  t h a t  l i v e r  microsomes may be r a p id ly  and e f f e c t iv e l y  s e p a ra te d  
from  co n ta m in a tin g  p ro te in s  on t h i s  g e l ,  th u s  a v o id in g  th e  tim e -  
consuming u l t r a c e n t r i f u g a t i o n  s te p s  p re v io u s ly  em ployed.
S ince th e  d ia m e te r  o f th y ro id  microsomes i s  50-150nm ( 4 6 ) ,  
i t  was c o n s id e re d  th a t  i t  m ight be p o s s ib le  to  use  Sepharose-2B  to  
s e p a ra te  m icrosom es, p re p a re d  by u l t r a c e n t r i f u g a t i o n  and s o lu b i l i s e d  
by means o f u l t r a s o u n d  ( 30 ) ,  from  co n ta m in a tin g  th y ro g lo b u lin .
An in v e s t ig a t io n  was th e re f o r e  u n d erta k en  in to  th e  u se  o f 
Sepharose-2B  chrom atography in  th e  p u r i f i c a t i o n  o f th y ro id  m icrosom es, 
u s in g  th e  i n d i r e c t  ELISA method to  m on ito r th e  p u r i f i c a t i o n .
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MATERIALS
C hem icals, r e a g e n ts  and equipm ent used  in  th e  exp erim en ts  
d e s c r ib e d  in  t h i s  c h a p te r  were as  u sed  in  c h a p te r  3* The m icrosom al 
e x t r a c t  u sed  in  t h i s  s tu d y  was p re p a re d  as  d e s c r ib e d  in  c h a p te r  2#
The i n i t i a l  ch rom atograph ic  s e p a ra t io n  was perfo rm ed  w ith  a 
chrom atography column 23 mmx 220mm produced  as  d e s c r ib e d  in  c h a p te r  2. 
Subsequent s e p a ra t io n s  were perform ed  w ith  a Pharm acia colum n, o f  
s im i la r  d im en sio n s , f i t t e d  w ith  a Pharm acia P-3 p e r i s t a l t i c  pump, 
and f r a c t io n s  were c o l le c te d  u s in g  a Pharm acia FRAC-3OO f r a c t io n  
c o l l e c t o r .
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METHODS
1. INITIAL CHROMTOGRAPHY OF CRUDE MICROSOMAL EXTRACT
( i )  Sepharose-2B , a f t e r  d e g a ss in g , was c a r e f u l ly  poured  in to  a g la s s  
column and a llo w ed  to  s e t t l e .  The g e l was th en  washed w ith  100mls 
p h o s p h a te -b u ffe re d  s a l i n e ,  ( PBS ) ,  and a jGe^ml a l iq u o t  o f  th e  m icro ­
somal e x t r a c t  (TMI) was a p p lie d  to  th e  to p  o f  th e  g e l .
( i i )  E lu t io n  was c a r r i e d  o u t w ith  PBS a t  a r a t e  o f  30m l/hour. F o r ty -  
e ig h t  1ml f r a c t i o n s  were c o l le c t e d .
( i i i )  Each f r a c t i o n  was d i lu te d  1 :4  w ith ., PBS' and th e  abso rbance 
a t  210nm m easured.
( iv )  A 40 |il a l iq u o t  o f each  d i lu te d  f r a c t i o n  was f u r th e r  d i l u te d  to  
5ml w ith  b ic a rb o n a te /c a rb o n a te  b u f f e r ,  to  g iv e  an o v e r a l l  d i l u t i o n  o f  
1 : 500 , and 250ql o f  each  d i lu te d  f r a c t i o n  were added to  each  o f  fo u r  
w e lls  o f  a m ic r o t i t r e  p l a t e .
(v) A f te r  in c u b a tio n  f o r  IS h o u rs , th e  p la te s  were em ptied  and washed, 
U sing a serum sample known to  be p o s i t iv e  f o r  an ti-m ic ro so m a l and a n t i -  
th y ro g lo b u lin  a u to a n t ib o d ie s ,  th r e e  d i l u t io n s  were made, a t  1 :1 0 0 , 
1 :1000 and 1 :1 0 ^ , w ith  PBS/Tween. A liq u o ts  o f  each  d i l u t i o n  (2 5 0 |il)  
were added to  one o f  th e  w e lls  p re p a re d  f o r  each  f r a c t i o n  o f  e l u a t e .
A 25Q|il a l iq u o t  o f  PBS/Tr/een was added to  th e  f o u r th  w e ll f o r  each  
f r a c t i o n .  The p la te s  were in c u b a te d  f o r  6 hours a t  57°C ., th e n  em ptied  
and w ashed.
(v i )  ASP a t  a d i l u t io n  o f  1 :5  x 10^ was th en  added , and in c u b a te d  
o v e rn ig h t a t  room te m p e ra tu re .
( v i i )  A f te r  em ptying and w ashing th e  p l a t e ,  th e  enzyme r e a c t io n  was 
perfo rm ed , th e  r e s u l t a n t  c o lo u r  f o r  each  w e ll was m easured , and th e  
r e s u l t  p lo t t e d  a g a in s t  e lu t io n  volum e, to g e th e r  w ith  th e  abso rbance 
a t  210nm f o r  each  f r a c t i o n .
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2 . RE-CHROMTOGRAPHY OF MICROSOME PEAK
( i )  F ra c tio n s  10-13 in c lu s iv e  from  th e  p re v io u s  e lu t io n  were removed 
and p o o led , and a 2ml a l iq u o t  o f  th e  poo l was s u b je c te d  to  Sepharose-2B
chrom atography on a column o f  s im i la r  d im ensions to  t h a t  employed in
s e c t io n  1 (Pharm acia chrom atography colum n),
( i i )  F o r ty - e ig h t  1ml f r a c t io n s  were c o l le c t e d ,  and th e  abso rbance 
a t  210nm o f  each  f r a c t i o n  (w ith o u t d i l u t i o n )  was m easured .
( i i i )  Each f r a c t i o n  was d i lu te d  1 :500  and s u b je c te d  to  th e  ELISA 
p rocedu re  o u t l in e d  above, u s in g
(a )  a serum sample p o s i t iv e  by TGHA ( t i t r e  = .'1:320 )
and n e g a t iv e  by MCHA ( t i t r e  =<1:10^)
(d e s ig n a te d  TG +)
(b) a serum sample n e g a t iv e  by TGHA ( t i t r e  =<1:10)
and p o s i t iv e  by MCHA ( t i t r e  = ll;1 2 8 0 ^ ) 1 
(d e s ig n a te d  M +) 
b o th  serum sam ples were d i lu te d  1 :1000 .
( iv )  The ELISA abso rb an ces  were p lo t t e d  a g a in s t  e lu t io n  volum e, 
to g e th e r  w ith  th e  abso rbance a t  210nm f o r  each  f r a c t i o n .
3. RE-CHROMATOGRAPEY OF THYROGLOBULIN PEAK
F ra c tio n s  20-34 from  th e  e lu t io n  d e s c r ib e d  in  s e c t io n  1 were 
removed and p o o le d . A 4^1 a l iq u o t  o f  th e  poo l was s u b je c te d  to  th e  
p ro ced u re  o u t l in e d  in  s e c t io n  2 .
4 . CHROMATOGRAPHY OF HUI'ÆAN THYROGLOBULIN EXTRACT
The crude th y ro g lo b u lin  e x t r a c t  p rep a red  as d e s c r ib e d  in  
c h a p te r  3 was s u b je c te d  to  chrom atography on Sepharose-2B  and th e  
ELISA p rocedu re  o u t l in e d  in  s e c t io n  2 . T his experim en t has been  
re p o r te d  in  d e t a i l  in  c h a p te r  3»
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RESULTS
1 . INITIAL CHROMTOGRAPHY OF CRUDE MICROSOML EXTRACT
The e l u t io n  diagram  i s  shovm in  f ig u r e  28, w hich a ls o  shows 
th e  ab so rb an ces  o b ta in e d  from  th e  ELISA r e a c t io n  o f each  f r a c t i o n  u s in g  
th e  a u to a n tib o d y  p o s i t iv e  serum and th e  b u f f e r .  Two peaks were e lu te d ,  
th e  f i r s t  was e lu te d  a t  what ap p ea red  to  be th e  v o id  volum e, ( i t  shou ld  
be n o te d  th a t  i t  was n o t p o s s ib le  to  a s c e r t a in  e x p e r im e n ta lly  th e  v o id  
volume o f th e  column, s in c e  no m arker o f  s u f f i c i e n t l y  h ig h  m o lecu la r 
w eigh t was a v a i l a b l e ) ,  and th e  second peak was e lu te d  w ith  a maximum 
abso rbance  a t  210nm in  th e  30- 32ml f r a c t i o n s .
The e lu a te  in  f r a c t io n s  12-15 was n o t ic e a b ly  opaque, and th e  
su sp en sio n  was more s ta b le  ( i e .  l e s s  prone to  s e d im e n ta tio n )  th a n  th e  
crude p re p a ra t io n  (TMI), d i l u te d  to  th e  same p r o te in  c o n c e n tr a t io n .
T his f in d in g  i s  in  accordance w ith  t h a t  o f Tangen e t  a l .  ( l7 5 )  f o r  
l i v e r  m icrosom es. The m a te r ia l  c o n s t i t u t i n g  t h i s  peak was ta k e n  to  
r e p r e s e n t  th e  th y ro id  m icrosom es.
The e lu t io n  o f  th e  second peak was compared w ith  t h a t  o f  human 
th y ro g lo b u lin  (see  s e c t io n  4 ) ,  and bov ine  th y ro g lo b u lin ,  b o th  o f  which 
were e lu te d  in  th e  same volum e, su g g e s tin g  t h a t  th e  crude m icrosom al 
e x t r a c t  was con tam in a ted  w ith  th y ro g lo b u lin .  The r e s u l t s  o f th e  ELISA 
experim en t show t h a t  a r e a c t io n  has o c c u rre d  betw een th e  autoimmune 
serum and th e  im m obilised  a n tig e n s  in  f r a c t io n s  12 -45 , w ith  a d i s t i n c t  
peak in  th e  re g io n  o f f r a c t io n s  20-45 (c o rre sp o n d in g  to  th y r o g lo b u l in ) :  
a l e s s e r  peak i s  seen  a t  f r a c t io n s  12- 14 , c o rre sp o n d in g  to  th e  m icro ­
somes. The r e s u l t s  were somewhat e q u iv o c a l, how ever, s in c e  th e re  i s  
some o v e rla p  o f  re sp o n se  in  th e  a re a  o f  f r a c t io n s  16 -18 . Thus, in  
t h i s  re g io n  i t  i s  l i k e l y  t h a t  b o th  a u to a n tib o d ie s  r e a c te d  w ith  t h e i r  
s p e c i f i c  a n t ig e n  in  th e  same w e l l .
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Chrom atography o f  a th y ro id  m icrosom al e x t r a c t  on S epharose 2B. 
The e l u t io n  l i n e  r e p r e s e n ts  th e  abso rbance a t  210nm o b ta in e d  from  a 
d i l u t i o n  o f each  1ml f r a c t i o n  e lu te d  from  a colum n. The b u f f e r  and 
serum l i n e s  r e p re s e n t  th e  abso rb an ces  o b ta in e d  by ELISA on each  
f r a c t i o n  as d e sc r ib e d  in  th e  t e x t .
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I t  may a ls o  be seen  t h a t  th e  serum d i lu t io n s  u sed  were n o t o p tim a l 
f o r  the  d em o n stra tio n  o f b o th  the  a n t i - th y r o g lo b u l in  and a n t i-m ic ro ­
somal a u to a n tib o d ie s  c o n c u r re n t ly .  However, i t  was c o n s id e re d  th a t  
f r a c t io n s  10-15  in c lu s iv e ,  and 20-54 in c lu s iv e  shou ld  be ta k en  to  
r e p r e s e n t  microsom es and th y ro g lo b u lin  r e s p e c t iv e ly .  Ho r e a c t io n  was 
ob served  in  th o se  w e lls  r e a c te d  a g a in s t  b u f f e r  o n ly , su g g e s tin g  t h a t  
th e  m icrosom al e x t r a c t  was f r e e  o f im m unoglobulin G c o n ta m in a tio n .
2 . RE-CHROMTOGRAPHY OF MICROSOME PEAK
F ig u re  29 shows th e  e lu t io n  diagram  o b ta in e d  on re -ch ro m ato g rap h y  
o f an a l iq u o t  from  f r a c t io n s  10-15  in c lu s iv e  o f th e  i n i t i a l  s e p a r a t io n ,  
to g e th e r  w ith  th e  ELISA ab so rb an ces  from  the  r e a c t io n  o f th e  two 
re fe re n c e  s e ra  w ith  each  f r a c t i o n .
A s in g le  peak was o b ta in e d  on b o th  the  e lu t io n  diagram  and th e  
ELISA graph  f o r  th e  MCHA p o s i t iv e  serum sam ple. No peak was o b ta in e d  
w ith  th e  TGHA p o s i t iv e  sam ple. I t  sh o u ld  be n o te d  t h a t  v e ry  low 
ab so rb an ces  (b o th  f o r  th e  e lu t io n  and th e  ELISA r e s u l t s )  were o b ta in e d  
in  t h i s  ex p erim en t, due to  th e  d i l u t i o n  e f f e c t s  on th e  a n t ig e n  o f  tw^ o 
chrom atograph ic  e l u t io n s .
5. RE-CHROMATOGRAPHY OF THYROGLOBULIN PEAK
F ig u re  50 shows th e  e lu t io n  diagram  o b ta in e d  on re -ch ro m ato g rap h y  
o f  an a l iq u o t  from  f r a c t io n s  20-54 o f th e  i n i t i a l  e lu t i o n ,  to g e th e r  
w ith  th e  ELISA ab so rb an ces  from  th e  r e a c t io n  o f th e  two r e f e r e n c e  s e ra  
w ith  each f r a c t i o n .  A s in g le  peak was o b ta in e d  on b o th  th e  e l u t io n  
d iagram  and th e  ELISA graph  f o r  th e  TGHA p o s i t iv e  serum sam ple. No 
peak was o b ta in e d  w ith  th e  MCHA p o s i t iv e  sam ple.
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R e-chrom atography o f m icrosom al peak from  p re v io u s  e l u t io n ,  
on Sepharose 2B. The e lu t io n  l i n e  r e p r e s e n ts  th e  abso rbance  a t  
210nm o b ta in e d  from  each 1ml f r a c t i o n  e lu te d  from  th e  colum n.
The ELISA l i n e s  la b e l le d  M + and TG + r e p r e s e n t  th e  ab so rb an ces  
o b ta in e d  by ELISA on each  f r a c t i o n ,  u s in g  m icrosom al p o s i t i v e  (M +) 
o r th y ro g lo b u lin  p o s i t iv e  (TG +) serum sam ples, a s  d e s c r ib e d  in  th e  
t e x t .
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R e-chrom atography o f  th y ro g lo b u lin  peak from  p re v io u s  e lu t io n  
on S epharose 2B. The e lu t io n  l i n e  r e p r e s e n ts  th e  ab so rbance  a t  
210nm o b ta in e d  from  each  1ml f r a c t i o n  e lu te d  from  th e  colum n. The 
ELISA l i n e s  l a b e l le d  M + and TG + r e p r e s e n t  th e  ab so rb an ces  o b ta in e d  
by ELISA on each  f r a c t i o n ,  u s in g  m icrosom al p o s i t iv e  (M +) o r  
th y ro g lo b u lin  p o s i t iv e  (TG +) serum sam ples, a s  d e s c r ib e d  in  th e  
t e x t .
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4 . CHROMTOGRAPHY OF HOIÆAR THYROGLOBULIN
The r e s u l t s  o f t h i s  experim en t a re  p re s e n te d  in  c h a p te r  5* in  
summary, th e  r e s u l t s  r e v e a le d  in  a d d i t io n  to  th e  e x p ec ted  th y ro g lo b u lin  
peak , a peak co rre sp o n d in g  to  m icrosom es, which r e a c te d  w ith  a serum 
sample knovm to  r e a c t  w ith  m icrosom al a n t ig e n .
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DISCUSSION
The work p re s e n te d  in  t h i s  s e c t io n  was d es ig n ed  to  i n v e s t ig a t e ,  
by means o f  chrom atography and th e  i n d i r e c t  ELISA m ethod, th e  contam in­
a t io n  o f  a th y ro id  m icrosom al e x t r a c t  by th y ro g lo b u lin ,  and th e  
p re p a ra t io n  o f  th y ro g lo b u l in - f r e e  m icrosom es. A d d it io n a l ly ,  th e  
co n ta m in a tio n  o f a  th y ro g lo b u lin  p r e p a ra t io n  by m icrosom es was in v e s t ig a te d .
The u se  o f  s o l u b i l i s i n g  a g e n ts  such as  u l t r a s o u n d  (5 0 ) , 
d eo x y ch o la te  (4 , 175)> and T r i to n  X-100 (4 » 175) has p roved  e f f e c t iv e  
in  enhanc ing  th e  in  v i t r o  a n ti-m ic ro so m a l a u to a n tib o d y /a n tig e n  r e a c t io n ,  
b u t th e  e f f e c t iv e n e s s  o f  such  tre a tm e n ts  in  rem oving th y ro g lo b u lin  has  
been  th e  s u b je c t  o f  c o n f l i c t i n g  r e p o r t s  (4> 50 , 174)#
Tangen e t  a l .  ( l7 5 )  r e p o r te d  th e  e f f e c t iv e n e s s  o f  Sepharose-2B  
g e l chrom atography in  rem oving p r o te in  co n tam in a tio n  ( p a r t i c u l a r l y  
haem oglobin) from  r a t  l i v e r  m icrosom es. The r e s u l t s  o f  th e  i n i t i a l  
Sepharose-2B  chrom atography o f  th e  crude m icrosom al e x t r a c t  su g g e s t 
t h a t  th e  th y ro id  microsome p re p a ra t io n  u sed  in  ithe r a d io a s s a y  
in v e s t ig a t io n  d e s c r ib e d  in  c h a p te r  2 was g ro s s ly  co n tam in a ted  w ith  
th y ro g lo b u lin .  However, th e  o r ig in a l  m icrosom al e x t r a c t  (TîÆI) was 
washed o n ly  once w ith  b u f f e r :  f u r th e r  w ashes ■ may have red u ced  th e
th y ro g lo b u lin  c o n tam in a tio n  ( l l 5 ,  174 )#
R e-chrom atography o f  th e  m a te r ia l  co m p ris in g  th e  f i r s t  peak in  
th e  i n i t i a l  s e p a ra t io n  d em o n stra ted  a s in g le  peak w hich was e lu te d  in  
a p o s i t io n  s im i la r  to  th a t  o b serv ed  in  th e  i n i t i a l  s e p a ra t io n  ( d i r e c t  
com parisons may n o t be made b ecause  o f  s l i g h t  d i f f e r e n c e s  in  th e  
d im ensions o f th e  two columns u s e d ) .  The m a te r ia l  c o n s t i t u t i n g  th e  
re -ch ro m ato g rap h ed  p eak , when r e a c te d  w ith  a n ti-m ic ro so m a l and a n t i -  
th y ro g lo b u lin  a u to a n tib o d ie s  showed a r e a c t io n  on ly  w ith  th e  a n t i -  
m icrosom al a u to a n t ib o d ie s .  S im i la r ly ,  re -ch ro m ato g rap h y  o f th e  m a te r ia l
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from  th e  second peak  in  th e  i n i t i a l  s e p a ra t io n  showed a  r e a c t io n  
o n ly  w ith  a n t i - th y r o g lo b u l in  a u to a n tib o d ie s *
These r e s u l t s  su g g es t t h a t  chrom atography o f  a  crude th y ro id  
m icrosom al e x t r a c t  on Sepharose-2B  e f f e c t iv e l y  s e p a ra te d  th e  th y ro id  
m icrosom al a n t ig e n  from c o n ta m in a tin g  th y ro g lo b u lin *
The f in d in g  o f  a  peak  on e l u t io n  o f  a  th y ro g lo b u l in  p r e p a r a t io n  
from  Sepharose-2B  a t  an e lu t io n  volume ty p ic a l  o f  th y ro id  m icrosom es 
su g g es ted  th a t  such crude th y ro g lo b u lin  p r e p a ra t io n s  may be co n tam in a ted  
w ith  microsomes* However, a s  d is c u s s e d  in  c h a p te r  3 , i t  i s  p ro b a b le  
t h a t  chrom atography o f  a  crude th y ro g lo b u lin  e x t r a c t  on Sephadex g e ls  
would remove m icrosom es, s in c e  m icrosom es would n o t be exp ec ted  to  e n te r  
such  g e l s .
These f in d in g s  may a llo w  th e  p r e p a ra t io n  o f  th y ro id  m icrosom es 
o f  s u f f i c i e n t  p u r i t y  to  a llo w  th e  s p e c i f i c  d e te c t io n  and a s sa y  o f  
a n t i - th y r o id  m icrosom al a u to a n t ib o d ie s .
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CHAPTER V
AN ASSESSMENT OF THE GILFORD EIA 50 
AUTOMATED MICRO-ELISA PROCESSOR
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INTRODUCTION
The work d e sc r ib e d  in  c h a p te rs  5 and 4 was perform ed  u s in g  
th e  i n d i r e c t  ELISA method in  a m i c r o t i t r e - p l a t e  b ased  system , which 
has been  w id e ly  adop ted  f o r  ELISA p ro ced u res  ( l$ 6 ) .
The e n d -p o in t o f  ELISA methods may be a s s e s se d  s u b je c t iv e ly  
o r w ith  a c o lo r im e te r  o r  f lu o r im e te r  when q u a n t i t a t iv e  o r  sem i- 
q u a n t i t a t iv e  r e s u l t s  a re  r e q u ir e d .
S ince th e  in t ro d u c t io n  o f  ELISA m e th o d o lo g ies , au tom ated  
equipm ent has been  a v a i la b le  to  cope w ith  most o f  th e  p ip e t t i n g  and 
w ashing p ro c e d u re s . Automated a p p a ra tu s  i s  a ls o  a v a i la b le  f o r  c o l o r i ­
m e tr ic  e n d -p o in t a s se ssm e n t. Most o f th e se  item s o f  equipm ent w i l l  
how ever, perfo rm  o n ly  one o f  th e  t a s k s ,  and in  o rd e r  to  au tom ate th e  
e n t i r e  ELISA p ro c e d u re , th re e  o r  fo u r  p ie c e s  o f ex p en siv e  equipm ent 
w ere, u n t i l  r e c e n t ly  n e c e s s a ry .
G ilfo rd  In s tru m e n ts  (now C orn ing  M edical and S c i e n t i f i c ,
C orning L td .)  have r e c e n t ly  developed  and m arketed  a system , th e  
EIA 50 micro-ELISA p ro c e s s o r ,  w hich perform s most o f  th e  p ro ced u res  
o f  th e  ELISA m ethod. The rem a in in g  work to  be p re s e n te d  was perfo rm ed  
u s in g  t h i s  a p p a ra tu s .  In  o rd e r  to  a s s e s s  th e  u s e fu ln e s s  o f  th e  EIA 50 
in  ELISA m ethods, th e  equipm ent was f i r s t  e v a lu a te d , w ith  p a r t i c u l a r  
r e fe re n c e  to  a u to a n tib o d y  s tu d ie s .  Most a s p e c ts  o f  th e  e v a lu a t io n  a r e ,  
how ever, r e le v a n t  to  o th e r  ELISA m ethods.
G eneral D e s c r ip t io n  o f  System
The EIA 50 u se s  s p e c ia l ly  produced  p o ly s ty re n e  c u v e t te s  w hich 
a re  m anufac tu red  in  ran k s  o f  10, a llo w in g  th e  a ssa y  o f  r e l a t i v e l y  sm a ll 
b a tc h e s  o f sam p les. The ran k s  o f  c u v e t te s  f i t  in  b a tc h e s  o f  5 in to  
moulded p l a s t i c  b a se s  to  form  c a s s e t t e s . A p l a s t i c  b ase  w ith  one to  
f iv e  ran k s  o f  c u v e t te s  may be p ro c e sse d  on th e  m achine. The c a s s e t t e s
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may be c l ip p e d  to g e th e r  to  a llo w  th e  p ro c e s s in g  o f a s  many c u v e t te s  
as  i s  p r a c t ic a b le  in  th e  a s s a y . The e n t i r e  ELISA p ro ced u re  i s  perform ed  
in  th e  c u v e t te s ,  and th e  f i n a l  c o lo u r  i s  re a d  th rough  th e  low er o p t i c a l l y  
c l e a r  p a r t  o f  each  c u v e t te .
The p ro c e s so r  c o n s i s t s  o f  a c u v e tte  t r a n s p o r t  system , c o lo r im e te r ,  
w ash /d ry  system , d is p e n s e r ,  and p r i n t e r .  The v a r io u s  fu n c tio n s  a re  
m ic ro p ro cesso r c o n t r o l le d ,  a llo w in g  e ig h t  s e p a ra te  p ro ced u res  to  be 
perfo rm ed , w ith  a ran g e  o f r e a g e n t volum es, wash c o n d it io n s  and c y c le  
t im e s .
A d i l u t e r  i s  n o t in c o rp o ra te d  in to  th e  m achine. T h e re fo re  each  
serum sample u nder in v e s t ig a t io n  must be d i l u te d  e i t h e r  m anually  o r  
w ith  a d i l u t e r ,  and th e n  added to  th e  a p p ro p r ia te  c u v e t te .  A utom ation 
o f  t h i s  s ta g e  w ould prove d i f f i c u l t .  The p ro ced u res  (program s) 
s e le c ta b le  by th e  o p e ra to r  a re  shown in  ta b le  X I I I .
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Table XIII
Modes o f  O p era tio n  A v a ila b le  on EIA 50
S e t t in g . O p era tio n
0 (B lank sw itc h  p o s i t io n  l )  
0 (B lank sw itc h  p o s i t io n  2)
Manual re a d in g  o f  c u v e t te
F lu sh  w ashing system  (and e n te r  
d ia g n o s t ic  t e s t s )
A sp ira te  c o n te n ts  o f  c u v e t te s ,  wash 
(wash p a ram e te rs  e n te re d  s e p a r a t e ly ) ,  
c u v e t te s  r e tu r n e d ,  f i l l e d  w ith  wash 
b u f f e r ,  to  c a s s e t t e .
As 1 above, b u t  f i n a l  wash b u f f e r  
a s p i r a te d  b e fo re  r e tu r n in g  to  c a s s e t t e .
As 2 above, b u t re a g e n t d isp e n se d  to  
each  c u v e t te  b e fo re  r e tu r n  to  c a s s e t t e  
( re a g e n t volume s e t  s e p a r a t e ly ) .
As 5 above, b u t  abso rbance  o f  c u v e t te  
c o n te n ts  re a d  b e fo re  r e tu r n  to  c a s s e t t e .
R eagent d isp e n se d  to  c u v e t te s ,  and 
c u v e t te s  r e tu rn e d  to  r a c k .
As 5 above, b u t  abso rbance  o f  c u v e t te  
c o n te n ts  re a d  and c u v e t te s  r e tu r n e d  to  
c a s s e t t e .
The abso rbance o f  c u v e t te  c o n te n ts  
re a d  and c u v e t te s  r e tu rn e d  to  c a s s e t t e .
As 7 above, b u t  w ith  c u v e t te  
to  c u v e t te  tim in g  a b o lis h e d , to  g iv e  
" f a s t  r e a d " .  ,
RS 252 i n t e r f a c e  I program  to  p e rm it 
com puter c o n tro l  o f p ro c e s s o r .
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MATERIALS
CHEMICALS
Chem icals u sed  in  t h i s  s e c t io n  o f work were as  d e s c r ib e d  
in  c h a p te r  3 , w ith  th e  a d d i t io n  o f th e  fo llo w in g
Chem ical S u p p lie r  C ata logue Number
I  T hyroxine Amersham I n te r n a t io n a l  p . I . e .  B Î . I 4
Decon 90 Decon L a b o ra to r ie s  L td . -
REAGENTS
R eagen ts u sed  in  t h i s  s e c t io n  o f  work were as d e sc r ib e d  in  
c h a p te r  3 , e x c e p t th e  an ti-hum an  IgG a n tis e ru m /p e ro x id a s e  c o n ju g a te , 
which was p re p a re d  a s  d e sc r ib e d  l a t e r  in  c h a p te r  6 .
EQUIPMENT
An ex -d e m o n s tra tio n  EIA 50 micro-ELISA p ro c e s s o r  was s u p p lie d  
f u l l y  re c o n d it io n e d  to  th e  s ta n d a rd  o f  a new m achine, by G ilfo rd  
In s tru m e n ts  (now C orning  M edical and S c i e n t i f i c ,  C orn ing  L td . ,  H a ls te a d , 
E s se x ) .
LKB Ultragamma T r a d ia t io n  c o u n te r ,  w ith  o n - l in e  d a ta  p ro c e s s in g  
by means o f  a Wang 2200 S m in icom puter.
O e r t l in g  R5I  b a la n c e .
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EXPERIMENTAL
A f u l l  r e p o r t  on th e  EIA 50 has been  p u b lish e d  (l7 7 )*  Only 
th o se  a s p e c ts  o f  th e  perform ance o f  th e  system  w hich a re  r e le v a n t  to  
th e  c u r r e n t  s tu d ie s  w i l l  be p re s e n te d  h e re .  The fo llo w in g  f e a tu r e s  
a re  r e p o r te d  upon:
1) D isp en se r
2 ) Pho tom eter and f i l t e r  
5 ) C uvette  w ashing  system
4 ) C u v e tte s
5 ) G eneral a s p e c ts
The in v e s t ig a t io n  was c a r r i e d  o u t ,  w herever p r a c t i c a l  and 
a p p l ic a b le ,  a c c o rd in g  to  th e  recom m endations o f  B roughton e t  a l .  ( l7 8 )
D isp en se r
The d is p e n s e r  in c o rp o ra te d  in  th e  a n a ly s e r  i s  th e  G ilfo rd  
In s tru m en ts  au to m atic  d is p e n s e r  f i t t e d  w ith  a 1ml H am ilton sy r in g e  
and rem o te ly  c o n t ro l le d  by th e  c e n t r a l  m ic ro p ro c e s so r . The r e q u ir e d  
volumes a re  s e le c te d  and s e t  from  a t u r r e t  o f  s t e e l  ro d s  w hich when 
p la c e d  under th e  sy r in g e  p lu n g e r p re v e n ts  i t s  p ro g re s s  beyond a c e r t a i n  
p o in t ,  th u s  d i c t a t i n g  th e  volume d isp e n se d . S m all-b o re  tu b in g  i s  u se d , 
to  keep dead volum es to  a minimum, and p rim in g , by means o f  a to g g le  
sw itc h , i s  f a s t .
The p r e c i s io n ,  accu racy  and dead volume o f  th e  d is p e n s e r  were 
checked as  fo llo w s :
(a )  P r e c is io n
P re c is io n  was t e s t e d  a t  th e  250 |il (25^ o f  f u l l  s t r o k e )  and 50pl 
(5^  o f  f u l l  s t r o k e )  l e v e l s .  I-T h y ro x in e  was d i l u t e d  in  wash b u f f e r  
to  a c o n c e n tra t io n  w hich gave ap p ro x im a te ly  50,000  co u n ts  p e r  m inute 
a t  th e  volume s e t t i n g  u se d . T h i r ty  d isp e n s in g s  were made, u s in g  th e
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rem ote c o n t ro l  o f th e  m ic ro p ro c e s so r , h u t  w ith  th e  d isp e n se d  l i q u id  
b e in g  d i r e c te d  in to  p o ly s ty re n e  t e s t  tu b e s .  The p r e c i s io n  a t  th e  
250|il and 50q l l e v e ls  were 1 . 26/  ^ and 2 .5 9 ^  r e s p e c t iv e ly  ( c o e f f i c i e n t s  
o f v a r i a t i o n ) ,  a f t e r  c o r r e c t io n  f o r  co u n tin g  e r r o r s .  The m a n u fa c tu re rs  
s t a t e  t h a t  th e  p r e c i s io n  a t  f u l l  s t r o k e ,  u s in g  a 2.5m l s y r in g e  i s  
0 .0 5 #  (C .V .) .
(b ) A ccuracy
The d is p e n s e r  s y r in g e  and tu b in g  were th o ro u g h ly  c le a n e d , and 
prim ed w ith  d e io n is e d  w a te r . F o r ty  250 |il and f i f t y  50p l a l iq u o ts  were 
th e n  d isp e n se d  in to  tv/o p re-w eig h ed  p l a s t i c  c o n ta in e r s .  The volum es 
d isp en sed  as  m easured g r a v im e tr ic a l ly  were 255^1 and 51# 1 *
(c )  Dead volume
125i_T hyrox ine  was d i lu te d  in  w a te r to  a c o n c e n tra t io n  w hich
gave ap p ro x im a te ly  60,000  cpm/ml. The d is p e n s e r  was th o ro u g h ly  prim ed
w ith  t h i s  s o lu t io n  and two a l iq u o ts  o f  SOOpl were d isp e n se d  in to  t e s t -
tu b e s  ("00" tu b e s ) .  The d is p e n s e r  was em ptied  by p rim in g  w ith  a i r ,
and th e n  washed w ith  w a te r . The f i r s t  a l iq u o t  (8 0 0 |il)  d isp e n se d  in
th e  wash was c o l le c te d  in to  a t e s t  tu b e . A f te r  s u b je c t in g  th e  tu b e s
volum es w ere'
to  T r a d i a t i o n  c o u n tin g , th e  dead c a lc u la te d  as
A A
WASH ALIQUOT COUNTS X 800 p i
MEAN 00 TUBE COUNTS 
T his experim en t was perform ed tw ic e , and the  c a lc u la te d  dead volume 
was 219pl and 177pi* These f ig u r e s  compared w e ll w ith  th o se  o b ta in e d  
w ith  o th e r  d is p e n s e rs  u sed  in  th e  la b o ra to r y .  I t  was found t h a t  a l l  
d e te c ta b le  r a d i o a c t i v i t y  was removed from  th e  d is p e n s e r  and tu b in g  
a f t e r  10 p rim in g  c y c le s  o f  th e  d is p e n s e r  w ith  w a te r ,  o r  4 c y c le s  w ith  
Decon 90*
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Photom eter and F i l t e r
The pho tom eter i s  o f th e  s i l i c o n  p h o to -d io d e  ty p e , w ith  a ran g e  
from  0 to  2 abso rbance  u n i t s .
To check th e  p r e c i s io n  o f  r e a d in g ,  two c u v e t te s  in  one ra c k  were 
u se d . The en zy m e-ca ta ly sed  r e a c t io n  was perform ed  and s to p p ed  when th e  
abso rbance had re a c h e d  ap p ro x im ate ly  1 .0 .  The ab so rb an ces  were th e n  
re a d  u s in g  th e  " f a s t  re a d "  program . Ten re a d in g s  f o r  each  c u v e t te  were 
ta k en  and th e  mean + s ta n d a rd  d e v ia t io n  c a lc u la te d  f o r  each  s e t  o f  
r e a d in g s .  The r e s u l t s  f o r  th e  two c u v e t te s  were 1 .155 + 0 .0016 
(CV 0 .14# ) and 1 .153  ±  0 .0018 (CV 0 . l6 # )  w hich were c o n s id e re d  to  be 
a c c e p ta b le .
Two in te r f e r e n c e  f i l t e r s  (405nm and 492nm) were su p p lie d  w ith  
th e  m achine. In  t h i s  e v a lu a t io n ,  on ly  th e  492nm f i l t e r  was u se d : 
t h i s  gave a tra n s m is s io n  peak o f  492nm, w ith  a narrow  band w id th . The
f i l t e r s  a re  e a s i l y  exchangeab le  on th e  in s tru m e n t.  A tu n g s te n  lamp i s
u se d , and th e  system  i s  b la n k ed  by a d ju s t in g  th e  c u r r e n t  to  th e  lam p.
The s t a b i l i t y  o f  th e  pho tom eter system  i s  s t a t e d  by th e  m a n u fa c tu re rs  
to  be l e s s  th a n  1# p e r  h o u r. A f te r  an i n i t i a l  warm-up p e r io d  o f  50 
m in u te s , no i n s t a b i l i t y  ?;as d e te c te d  over a tw o-hour p e r io d  a t  th e
b la n k  le v e l  ( i e .  abso rbance = O.OO).
C uvette  W ashing System
D uring  th e  micro-ELISA p ro c e d u re , i t  i s  n e c e ss a ry  to  wash th e  
c u v e t te s  a f t e r  each  in c u b a tio n  and b e fo re  th e  a d d i t io n  o f th e  n e x t 
r e a g e n t .  I t  i s  e s s e n t i a l  t h a t  t h i s  w ashing i s  e f f i c i e n t .
The c u v e t te s  a re  washed in  ran k s  o f te n .  The re a g e n t in  th e  
c u v e t te s  i s  a s p i r a t e d ,  by vacumn, th ro u g h  m eta l tu b e s  w hich re a c h  
a lm ost to  th e  bottom  o f  each  c u v e t te .  750p l o f  wash b u f f e r  i s  th e n  
d isp e n se d  in to  each  c u v e t te ,  and t h i s  i s  a s p i r a te d  a f t e r  a pre-program m ed 
soak tim e . A f u r th e r  wash c y c le  may th e n  b e g in , r e a g e n t  may be d isp e n se d
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in to  th e  c u v e t te s ,  o r th e  c u v e t te s  t r a n s f e r r e d  hack  in to  th e  c a s s e t t e .
One to  n in e  wash c y c le s  may he c a r r i e d  o u t w ith  a soak tim e o f 0 -  99 
seconds f o r  each  c y c le .
The p r e c i s io n  o f th e  a d d i t io n  o f wash b u f f e r  was n o t a s s e s s e d ,  
as  th e  volume ( 750 | i l )  d isp en sed  was c o n s id e re d  to  be more th a n  adeq u a te  
to  com pensate f o r  m inor im p re c is io n .
The optimum w ashing  c o n d it io n s  were e s ta b l i s h e d  as  fo llo w s :
A ty p ic a l  antibod;^’'/a n t ig e n  r e a c t io n  was c a r r i e d  o u t by 
in c u b a tin g , f o r  2 h ou rs a t  57°C, c u v e t te s  in  which human IgG had been  
ad so rb ed , w ith  an ti-hum an  Ig G /p ero x id ase  a t  th e  a p p ro p r ia te  d i l u t i o n .
Each ran k  o f  10 c u v e t te s  was th e n  s u b je c te d  to  one o f th e  v a r i e ty  o f 
w ashing p ro c e d u re s , ra n g in g  from  one to  e ig h t  washes and a soak tim e 
o f  0 , 5 o r  10 seco n d s .
S ubsequen tly  th e  enzyme r e a c t io n  was perfo rm ed , and th e  
abso rbance m easured. Timing o f th e  enzyme r e a c t io n  was s t r i c t l y  
m a in ta in e d . The r e s u l t s  in  F ig u re  51 show th a t  s ix  washes were 
s a t i s f a c t o r y  a t  a l l  soak t im e s . In  subsequen t a ssa y s  s ix  w ashes, 
each  w ith  a f iv e -s e c o n d  soak tim e were u se d . T h is w ashing p ro ced u re  
was s a t i s f a c t o r y  f o r  our p u rp o se , and th e re  was s u f f i c i e n t  sp a re  
c a p a c ity  to  en ab le  th e  assum ption  t h a t  wash p ro ced u re s  f o r  o th e r  ELISA 
a ssa y s  may be a d e q u a te ly  a c h ie v e d .
The f i n a l  ab so rb an ces  o b ta in e d  when 8 wash c y c le s  were u sed  
were h ig h e r  a t  a l l  soak tim es th a n  th o se  o b ta in e d  a f t e r  6 wash c y c le s .
On ex te n d in g  th e  number o f  w ashes, in  a s e p a ra te  ex p erim en t, no f u r th e r  
r i s e  in  abso rbance vms o b se rv ed . These c o n s is te n t  f in d in g s  a re  d i f f i c u l t  
to  e x p la in :  however i t  i s  p o s s ib le  t h a t  e x te n s iv e  w ashing may remove
n o n - re a c t in g  m a te r ia l  (such  as l ip o p r o te in s  o r l i p i d s )  which m ight 
i n h i b i t  a cc ess  o f  th e  s u b s t r a te  m o lecu les to  the  enzyme.
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C u v e tte s
D uring  th e  p ro g re s s  o f t h i s  s tu d y , th re e  b a tc h e s  o f c u v e t te s  
were s u p p lie d .
The f i r s t  b a tc h  u sed  were shown to  s u f f e r  from  an "edge" o r 
"sm ile "  e f f e c t ,  which r e s u l t e d  in  ab so rb an ces  from  th e  c u v e t te s  a t  th e  
ends o f each  ran k  b e in g  c o n s id e ra b ly  h ig h e r  th a n  th o se  from  th e  m iddle 
c u v e t te s .  The edge e f f e c t  i s  caused  by in c o n s i s t e n t  in te r c u v e t te  
a n t ig e n -b in d in g  c h a r a c t e r i s t i c s ,  w ith  th e  e n d c n v e tte s  ta k in g  up more 
a n t ig e n  th a n  th o se  in  th e  m iddle o f each  ra n k .
The second b a tc h  o f c u v e t te s  were shovm to  be r e l a t i v e l y  f r e e  
from  t h i s  d e f e c t ,  w ith  on ly  o c c a s io n a l m a rg in a lly  r a i s e d  ab so rb an ces  
on c u v e t te s  1 and 10 in  a ra n k .
The t h i r d  b a tc h  o f c u v e t te s  o b ta in e d  showed an edge e f f e c t  
which a lth o u g h  n o t as  marked as t h a t  seen  w ith  th e  f i r s t  b a tc h ,  has 
n e v e r th e le s s  caused  some p rob lem s. The edge e f f e c t s  o f  th e  th r e e  b a tc h e s  
o f  c u v e t te s  a re  dem on stra ted  in  f ig u r e  32 .
L a te r  b a tc h e s  o f th e  p l a s t i c  c a s s e t t e  b a se s  were m o d ified  by 
th e  m a n u fa c tu re rs , by th e  a d d i t io n  o f  hooks, a llo w in g  c h a in in g  o f th e  
c a s s e t t e s .  C ontinuous p ro c e s s in g  o f  la rg e  numbers o f  c u v e t te s  may 
th e re fo re  be perfo rm ed  i f  n e c e s s a ry . I t  sh o u ld  be n o te d  how ever, t h a t  
th e re  i s  an in h e re n t  drawback to  u s in g  t h i s  system  f o r  la rg e  numbers o f 
c u v e t te s .
Because o f th e  number o f  washes r e q u ir e d  f o r  each  ran k  o f 
c u v e t te s ,  w ith  a soak tim e g e n e ra l ly  o f 5 o r  10 seco n d s , i t  may ta k e  
up to  10 m inu tes to  p ro c e ss  each  c a s s e t t e  o f 5 c u v e t te  r a n k s . I f  th e  
co lo u r  r e a c t io n  i s  p a r t i c u l a r l y  r a p id ,  i t  may n o t be p o s s ib le  to  s to p  
th e  r e a c t io n  in  s u f f i c i e n t  tim e to  p re v e n t th e  ab so rb an ces  becom ing to o  
h ig h  f o r  m easurem ent. Thus i t  i s  im p o rtan t e i t h e r  to  p ro c e s s  sm a ll 
enough b a tc h e s  o f c u v e t te s  to  a llo w  th e  m easurement o f th e  f i n a l
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ELISA
A492
2 . 0 - B atch  1
1 .5
1.0
0 .5
1. 0 - B atch  2
0 .5  -
1 .0 .
0 .5  .
B atch  3
1 2 ÿ  4 5 6 7
C uvette  number
9 10
F ig u re  32
Edge e f f e c t  in  th re e  b a tc h e s  o f  c u v e t te s .  The 
r e s u l t s  shown a re  ty p ic a l  r e s u l t s  o b ta in e d  w ith  ran k s  
o f c u v e t te s  from  each  b a tc h .
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absorbance o r to  choose a ssa y  c o n d itio n s  w hich fa v o u r slow  c o lo u r  
developm ent. A l te r n a t iv e ly ,  th e  f i n a l  c o lo u r  may be d i lu te d  f o r  
re a d in g .
In  o rd e r  to  keep a ssa y  c o n d it io n s  as c o n s ta n t  as p o s s ib le ,  i t  
i s  a d v isa b le  to  c o a t as  many c u v e t te s  as  p o s s ib le  w ith  a n t ig e n  o r 
a n tib o d y  p r io r  to  commencing a g iv en  s tu d y . T h is o b v io u s ly , th e r e f o r e ,  
r e q u i r e s  th e  easy  a v a i l a b i l i t y  o f c u v e t te s  in  la rg e  num bers. U nfo rtu n ­
a t e ly  our i n i t i a l  ex p e rien ce  was t h a t  th e  in s tru m e n t s u p p l ie r s  were 
n o t a b le  to  sup p ly  th e  c a s s e t t e s  in  q u a n t i t i e s  g r e a t e r  th an  te n  
( i e .  500 c u v e t te s )  a t  any g iv en  tim e . T his le d  to  c o n s id e ra b le  problem s 
in  th e  e a r ly  s ta g e s  o f th e  s tu d ie s  b e in g  u n d e rta k e n , and was c o n s id e re d  
a s e r io u s  drawback in  th e  u se  o f th e  equipment-, e s p e c ia l ly  s in c e  th e re  
a re  no o th e r  s u p p l ie r s  o f th e  c u v e t te s .
I t  sh o u ld  a ls o  be n o te d  th a t  th e  c u v e t te s  a re  d is p o s a b le ,  and 
in  our hands were n o t r e u s a b le ,  even a f t e r  e x te n s iv e  d e te rg e n t w ash ing .
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G eneral A spects
(a )  Cycle Time
A c y c le  tim e thum b-wheel i s  p ro v id e d , a llo w in g  a c c u ra te  ra n k -  
to - ra n k  tim in g  o f  a l l  s ta g e s  in  th e  ELISA p ro ced u re ; i t  i s  e s p e c ia l ly  
im p o rtan t to  m a in ta in  a c c u ra te  tim in g  o f th e  enzyme r e a c t io n  th ro u g h o u t 
th e  whole b a tc h  o f sam p les. The tim in g  o f each  p ro ced u re  from  c u v e t te  
to  c u v e t te  w ith in  each  ran k  i s  a u to m a tic a l ly  m a in ta in ed  by m icro ­
p ro c e s s o r  c o n tro l  ofI each  program .
(b ) C arry-O ver
The o n ly  o p e ra t io n  in  w hich c a r ry -o v e r  i s  a p o te n t i a l  problem  
i s  w ashing th e  c u v e t te s .  However, b o th  th e  wash s o lu t io n  d is p e n s in g  
tube  and th e  a s p i r a t io n  tube  a re  washed in  each wash c y c le ,  and i f  
more th an  one wash c y c le  i s  u se d , no c a r ry  over i s  e v id e n t .  A ll o th e r  
o p e ra tio n s  a re  lo c a l i s e d  in  in d iv id u a l  c u v e t te s ,  and no c ro s s -c o n ta m in a tio n  
o c c u rs . I t  i s  im p o rta n t t h a t  th e  d is p e n s e r  shou ld  be th o ro u g h ly  f lu s h e d  
and washed betw een d is p e n s in g  eac h réag ën t?  e s p e c ia l ly  a f t e r  th e  a n tib o d y -  
enzyme c o n ju g a te  and b e fo re  th e  s u b s t r a t e .  A wash c o n s is t in g  o f 
0 .1  M HCl i s  g e n e ra l ly  used  to  wash th e  d is p e n s e r  b r i e f l y  a t  t h i s  s ta g e .
(c ) O v e ra ll Perform ance
The o v e r a l l  perform ance o f  th e  system  was compared w ith  th e  
c l a s s i c a l  manual micro-ELISA p ro ced u re  u s in g  m i c r o - t i t r e  p l a t e s .
B r ie f ly ,  th e  p ro ced u re  c o n s is te d  o f :
1) Im o b il is in g  a n t ig e n  onto  e i t h e r  th e  m ic r o t i t r e  p la te  w e lls  o r 
c u v e t te s .
2 ) W ashing. In  th e  m i c r o - t i t r e  p la te  method t h i s  c o n s is te d  o f  th r e e  
w ashes, w ith  a th re e  m inute so ak . The c u v e t te s  were washed s ix  tim e s , 
w ith  a f iv e  second soak tim e .
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5) Adding serum c o n ta in in g  a n t ib o d ie s  a g a in s t  th e  p a r t i c u l a r  a n t ig e n .  
In  t h i s  c a s e ,  a n tis e ru m  was d i lu te d  to  l i l 0 5 ,  1 :1 0 ^ , 1 :1 0 ^ , 1 :10^ and 
1:107 and 10 c u v e t te s  and 10 w e lls  were in n o c u la te d  w ith  each  d i l u t i o n .
4) F o llow ing  in c u b a tio n ,  th e  p la te s  and c u v e t te s  were a g a in  washed 
as  above.
5) Adding a n t i- Ig O /p e ro x id a s e  c o n ju g a te  a t  an a p p ro p r ia te  d i l u t i o n .
6) In c u b a tin g  th e  c u v e t te s  and p l a t e s ,  fo llo w ed  by w ashing .
7) Enzyme r e a c t io n .  T his was c o n t ro l le d  in  th e  case  o f  th e  c u v e t te s
’in j
by a p p ro p r ia te  program m ing, an a^ th e  case  o f  th e  m ic r o t i t r e  p la t e s  by 
s u b je c t iv e  t im in g . A bsorbances in  th e  m ic r o t i t r e  p la te  method were 
m easured in  a m o d ified  V ita tro n  c o lo r im e te r .  In  th e  c u v e t te  method 
th e  ab so rb an ces  were m easured on th e  EIA 50 u s in g  one o f th e  p rogram s.
The r e s u l t s  o f  t h i s  com parison a re  shown in  f ig u r e  35 and 
ta b le  XIV. F ig u re  35 d em o n stra te s  t h a t  th e  a n t ig e n  b in d in g  c a p a c ity  
o f  th e  c u v e t te s  i s  b e t t e r  th a n  th a t  o f th e  m ic r o t i t r e  p l a t e .  However 
th e  p r e c is io n  o b ta in e d  w ith  th e  m ic r o t i t r e  p la te s  i s  s l i g h t l y  b e t t e r  
th an  th a t  o f th e  c u v e t te s ,  as  shown in  ta b le  XIV.
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ELISA
A492
ELISA
1.0
0.8 C u v e tte s
0.6
4
0.2
65 7 N5 4
1 .0 .
0 .8 . M ic r o t i t r e  p la te
0.6
0 . 4 -
0 . 2 -
63 54 7 ÏÏ
A ntiserum  d i l u t i o n  where d i l u t i o n  = 1 :10IT
F ig u re  53
Comparison o f  o v e r a l l  perform ance o f G ilfo rd  EIA 50 c u v e t te s  
w ith  manual m ic r o t i t r e  p l a t e .  P o in ts  shown r e p r e s e n t  mean (+ 1 SD) 
o f  r e s u l t s  from  10 c u v e t te s  o r  m ic r o t i t r e  p la te  w e l l s ,  u s in g  th e  
method o u t l in e d  in  th e  t e x t .
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Table XIV
Comparison o f w ith in  b a tc h  p r e c i s io n  o f EIA 50 and manual 
m ic r o t i t r e  p la t e  ELISA sy stem s.
 C o e f f ic ie n t  o f  V a r ia t io n  (^ )___________
A ntiserum  C u v e tte s  M ic r o t i t r e  p la te
D i lu t io n _________________________________________________________
1:105 5 .1  1 .7
1:104 2 .5  1 .4
1:105 5 .8  5 .2
1 :10  ^ 8.4  6.2
1 :10? 8 .9  8.8
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DISCUSSION
The G ilfo rd  EIA 50 ELISA p ro c e s s o r  was e v a lu a te d  w ith  a view 
to  i t s  use in  th e  rem a in in g  a u to a n tib o d y /a n tig e n  s tu d ie s  to  be perfo rm ed . 
The s tu d ie s  perform ed  su g g es ted  th a t  th e  machine was s u i ta b le  f o r  t h i s  
p u rp o se , showing some advan tag es  over th e  p re v io u s ly  used  manual system , 
w ith  m i c r o - t i t r e  p l a t e s .  C onsequen tly  work to  be d e s c r ib e d  in  subseq u en t 
c h a p te rs  was c a r r i e d  o u t w ith  th e  EIA 50 p ro c e s s o r .
The p ro c e s so r  perfo rm s a u to m a tic a l ly  and p r e c i s e ly  most o f  th e  
tim e consum ing and te c h n ic a l ly  arduous p ro ced u res  in  th e  micro-ELISA 
m ethod.
The most s e r io u s  drawback o f  th e  system  was th e  a v a i l a b i l i t y  
and q u a l i ty  o f  th e  c u v e t te s .  I t  i s  u n fo r tu n a te  t h a t  th e  on ly  U.K. 
s u p p l ie r  o f th e  c u v e t te s  f o r  u se  in  th e  machine was unab le  to  sup p ly  
our re q u ire m e n ts  f o r  a p e r io d  o f two m onths. Y/e were su b se q u e n tly  
a s s u re d  th a t  th e  problem  o f c u v e t te  s u p p lie s  had been  r e s o lv e d  and no 
f u r th e r  supp ly  problem s were en c o u n te re d . U n fo r tu n a te ly  we were n o t 
g iv en  any a s su ra n c e s  t h a t  th e  c u v e t te  q u a l i ty  co u ld  be im proved and 
s ta n d a rd is e d .
In  th e  s tu d ie s  p re s e n te d  in  subseq u en t c h a p te r s ,  th e  u se  o f 
c u v e t te s  1 and 10 o f each ran k  was avo ided  w henever p o s s ib le .  R e c e n tly  
th e  m a n u fa c tu re rs  have inform ed  us t h a t  a m ajor c o n t r ib u t in g  f a c t o r  to  
th e  edge e f f e c t  i s  h ig h  in c u b a tio n  te m p e ra tu re s  (e g . 57°C ). They 
su g g e s t t h a t  th e  use  o f room te m p era tu re  in c u b a tio n  red u ce s  th e  e f f e c t .
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The G ilfo rd  EIA 50 i s  an in s tru m e n t w hich a llo w s a lm ost 
com plete au to m atio n  o f th e  s te p s  o f  th e  enzyme l in k e d  im m une-sorbent 
a ssa y . The ad van tages o f one machine p e rfo rm in g  s e v e ra l  p ro ced u res  a t  
a c o s t  c o n s id e ra b ly  low er th a n  th a t  o f s e v e ra l  m achines p e rfo rm in g  
in d iv id u a l  s te p s  a re  o b v io u s . I t  rem ains to  be seen  w hether th e  use 
o f th e  c u v e t te s  p roves to  be advan tageous over th e  o th e r  a d s o rp tio n  
m edia, in  view  o f  th e  wide a v a i l a b i l i t y  o f th e  l a t t e r .
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CHAPTER VI
THE DETECTION OP THYROID HORMONE BINDING 
AUTOANTIBODIES USING ELISA
( i )  ANTIGEN PREPARATIONS (THYROXINE)
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INTRODUCTION
The methods used  to  in v e s t ig a te  th e  o ccu rren c e  o f  THBA have 
been  rev iew ed  in  C hap ter 1• S ince 1978, s e v e ra l  a d d i t io n a l  r e p o r ts  
o f  THBA have appea red  in  th e  l i t e r a t u r e  (179 ~ 193)* A lthough 
in v e s t ig a t io n s  o f  many d i f f e r e n t  a s p e c ts  o f  t h i s  phenomenon have been  
r e p o r te d ,  g e n e ra l ly  th e  m ethods used  have been  s im i la r  to  th o se
o u t l in e d  in  C hap ter 1• The most commonly a p p lie d  m ethods have been
e l e c t r o p h o r e s is  and a u to ra d io g ra p h y  o f  serum p re - in c u b a te d  w ith  
r a d io  l a b e l le d  hormone ( 8 4 , 93 -95 , 97 , 99 , 103 , IO4 , IO6 , 179-183, 
185- 187 , 191) ,  and r a d io  la b e l le d  hormone u p tak e  m ethods ( 9 I , 9 5 , 9 7 ,
98 , 103, 104, 106, 107, 179- 181, 183- 186, 189- 193).
The rem a in in g  work in  th e  c u r r e n t  s tu d y  i s  concerned  w ith  
exam in ing  th e  a p p l ic a t io n  o f  th e  ELISA p r in c ip le  to  th e  THBA system . 
The developm ent o f  th e  a s s a y  i s  d e a l t  w ith  in  t h i s  C h ap te r and 
C hap ter 7 , and i t s  c l i n i c a l  a p p l ic a t io n s  a re  d is c u s s e d  in  C hap ter 8 .
TifO m ajor prob lem s were e n co u n te red  in  th e  developm ent o f  
an ELISA system  f o r  th e  d e te c t io n  o f  THBA.
( i )  Lack o f  p o s i t i v e  re fe re n c e  m a te r i a l .
( i i )  D i f f i c u l t i e s  a s s o c ia te d  w ith  a n t ig e n  im m o b ilis a tio n  and 
p r e s e n ta t io n .
( i )  Lack o f  p o s i t iv e  r e fe re n c e  m a te r ia l
In  th e  i n i t i a l  s ta g e s  o f  t h i s  s tu d y , no p o s i t i v e  human THBA 
serum  was a v a i l a b l e .  At a  l a t e r  s ta g e ,  an a l iq u o t  o f  a p p ro x im a te ly  
500 |il from  a  THBA p o s i t i v e  serum sam ple was k in d ly  d o n a ted  by 
D r. P . B y f ie ld ,  C l in ic a l  R esearch  C e n tre ,  H arrow , M id d lesex .
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A case  r e p o r t  on th e  p a t i e n t ,  and th e  b in d in g  c h a r a c t e r i s t i c s  o f  th e  
a u to a n tis e ru m  have been  p u b lish e d  ( I 9 0 , I 92 ) .  W herever p o s s ib le ,  
t h i s  r e fe re n c e  serum was used  to  v e r i f y  th e  a s s a y . I n i t i a l l y ,  how ever, 
th e  developm ent work was perform ed w ith  a  h e te ro lo g o u s  an ti-T 4 /hum an  
serum album in (HSA) a n tis e ru m . The c o n s e n s u s  o f  o p in io n  i s  t h a t  
THBA a re  a n t ib o d ie s  d i r e c te d  p r im a r i ly  a g a in s t  th y r o g lo b u l in ,  b u t 
r e a c t in g  w ith  th e  io d o th y ro n in e s  a s  h a p te n s  ( 8 4 , 93 , 97 , 101, 104,
181 , 183 , 185 , 186 , 190 , 193) .  The io d o th y ro n in e s  form  p a r t  o f  th e  
th y ro g lo b u lin  m olecu le  l in k e d  by p e p t id e  bonds ( 1 3 ) |  th e r e f o r e  th e  
m ajor a n t ig e n ic  d e te rm in a n t w ith  r e s p e c t  to  th e  io d o th y ro n in e  m o ie ty  
i s  l i k e l y  to  be th e  io d in a te d  pheno l g roup . H e te ro lo g o u s  a n t i -  
io d o th y ro n in e  a n t i s e r a  r a i s e d  a g a in s t  io d o th y ro n in e s  l in k e d  to  c a r r i e r  
p r o te in s  by p e p tid e  bonds ( 194) shou ld  show a  s im i la r  s p e c i f i c i t y  
to  th e  io d in a te d  p heno l g roup . I t  was th e re f o r e  c o n s id e re d  t h a t  a  
h e te ro lo g o u s  a n t i —T4 a n tise ru m  co u ld  be used  to  dev e lo p  an e x p e r i­
m en ta l m odel, w hich would be v e r i f i e d  w ith  a  p o s i t i v e  re fe re n c e  
human serum .
( i i )  A n tigen  im m o b ilis a tio n  and p r e s e n ta t io n .
No r e p o r ts  o f  p a s s iv e  im m o b ilis a tio n  o f  sm a ll m o lecu les  
such a s  io d o th y ro n in e s  on s o l id  m a tr ic e s  were found : however th e
use o f  T4 and T3 l in k e d  to  Sepharose has been r e p o r te d  in  a f f i n i t y  
chrom atography p ro c e d u re s  ( 195) .  I t  was found t h a t  th e  u se  o f  a  
" sp a c e r"  group was advan tageous in  m axim ising  th e  i n t e r a c t i o n  o f  th e  
th y ro id  hormones w ith  t h e i r  b in d in g  p r o te i n s .  D uring  th e  c u r r e n t  
s tu d y , a  number o f  d i f f e r e n t  m ethods o f  im m o b ilis in g  T4 on th e  w a lls  
o f  p o ly s ty re n e  ELISA c u v e t te s  was in v e s t ig a t e d .  In  a l l  c a s e s ,  th e  
p r e s e n ta t io n  o f  T4 to  a n tib o d y  in  th e  t e s t  s o lu t io n  was ta k e n  in to  
c o n s id e r a t io n .
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The im m o b ilis a tio n  m ethods in v e s t ig a te d  in c lu d e d ;
(1 )  D ir e c t  p a s s iv e  and a c t iv e  im m o b ilis a tio n  o f  T4 on to  p o ly s ty re n e .  
The a c t iv a t io n  was ach iev ed  u s in g  g lu ta ra ld e h y d e ,
( 2 ) C o n ju g a tio n  o f  T4 to  bovine serum album in (BSA), u s in g  
ca rb o d iim id e  (EDC) o r  d im e th y la d ip im id a te  (DMA), and im m o b ilis a tio n  
o f  th e  c o n ju g a te  on to  p o ly s ty re n e  by p a s s iv e  a d s o rp t io n .
( 3 ) C o n ju g a tio n  o f  T4 to  s u c c in y la te d  p o ly - l - ly s in e  u s in g  
c a rb o d iim id e , and im m o b ilis a tio n  o f  th e  c o n ju g a te  on to  p o ly s ty re n e  
by p a s s iv e  a d s o rp t io n .
R e s u lts  o b ta in e d  by o th e r  w o rkers have su g g es ted  th a t  THBA 
a re  e x c lu s iv e ly  (9 5 , 97 , 9 8 , 105 , I 8 0 , 182, I 8 3 , 190- 193) ,  o r 
p r im a r i ly  (IO6 , I 07 ) im m unoglobulins o f  th e  IgG c l a s s .
F o r th e  m a jo r i ty  o f  ex p erim en ts  c a r r i e d  o u t in  t h i s  and 
su b seq u en t c h a p te r s ,  h o r s e - r a d is h  p e ro x id a se  c o n ju g a te s  o f  an 
a n tis e ru m  to  human IgG and an a n tis e ru m  to  sheep im m unoglobulins 
were p re p a re d . H o rse -ra d is h  p e ro x id a se  c o n ju g a te s  o f  a n t i s e r a  to  
human IgA and IgM w ere a ls o  p re p a re d .
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MATERIALS
C hem icals
C hem icals w ere a s  d e sc r ib e d  in  p re v io u s  c h a p te r s  w ith  th e  
a d d i t io n  o f  th e  fo llo w in g .
Chemical 
1 E t hy l - 3 - (  -3-B  ime t  h y l 
a m in o p ro p y l)-ca rb o d iira id e  HCl 
(EDC)
C atalogue No, 
E 7750
S u p p lie r  
Sigma London 
Chem ical Co. L t d . ,  
D o rse t
H o rse -ra d is h  p e ro x id a s e , 
Type VI RZ 3 .0
P 8375
L -T hyroxine (T4) f r e e  a c id T 2376
S u c c in y la te d  p o ly - l - ly s in e  (SPLL) P 3513
D im ethyl formamide (DMP) D 4234
D im ethyl a d ip im id a te  (DM) D 8138
n -E th y l m orpholine E 0252
1-L ysine L 5501
G lu ta ra ld eh y d e  (ap p ro x . 50^) 286824 Q
M ethanol ( OPR s p e c ia l ly  d r ie d )  2919344
BDH C hem icals L t d . ,  
Dagenham,
E sse x .
8 -A n i1in o n a p h th a le n e  
su lp h o n ic  a c id  (ANS)
10296 Kodak Eastm an L t d . ,  
K irb y ,
L iv e rp o o l
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Chemical
Im m uneglobulin f r a c t i o n  o f 
r a b b i t  a n t i s e r a  to  
human IgG (Y c h a in s )  
human IgA (a  c h a in s )  
human I ^  {\i c h a in s )
C ata logue No.
A 090 
A 092 
A 091
S u p p lie r
M ercia-B rocades L t d . ,  
W eybridge,
S u rre y
Donkey a n t i - s h e e p  im m unoglobulin 
a n tis e ru m
G uildhay  A n tis e ra  L t d . , 
U n iv e r s i ty  o f S u rre y , 
G u ild fo rd ,
S u rrey
Normal sheep serum
Sheep anti-T4/H um an serum 
album in  a n tise ru m
SA 1005 S c o t t i s h  A ntibody 
P ro d u c tio n  U n it ,  
Law H o s p i ta l ,  
C a r lu k e , 
L a n a rk sh ire
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REAGENTS
R eagen ts  w ere a s  d e sc r ib e d  in  p re v io u s  c h a p te r s ,  w ith  th e  
a d d i t io n  o f th e  fo llo w in g  ,
0.1M NaCl
P hosphate  b u f f e r ,  pH 6 ,8 ,  0.1M 
C a rb o n a te /B ic a rb o n a te  b u f f e r ,  pH 9*6, 1M
0.2M 1 - ly s in e
0.1M HCl
0.1M NaOH
C arbonate  b u f f e r  pH 9*9; 0.1M
0.25M HCl
0.25M NaOH
0.05% aqueous BSA
A re fe re n c e  TH BA -positive serum sam ple was o b ta in e d  from D r. B y f ie ld  
a s  p re v io u s ly  s t a t e d .  In  t h i s  and subseq u en t c h a p te r s  t h i s  serum 
w i l l  be r e f e r r e d  to  a s  serum BR.
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EQUIPMENT
Equipment u sed  in  t h i s  s e c t io n  o f  work was a s  p re v io u s ly  
d e s c r ib e d .  A ll ELISA p ro c e d u re s  w ere perform ed on th e  G ilfo rd  EIA 50 , 
Because o f  a  sh o rta g e  o f  c u v e t te s  a t  t h i s  s ta g e  o f  th e  s tu d y , i t  was 
n e c e s s a ry  to  use  a  number o f  ran k s  o f  c u v e t te s  from  B atch 1 (se e  
C h ap te r 5 )» w hich s u f fe re d  from  a  marked "edge" e f f e c t .  R e s u lts  
o b ta in e d  u s in g  th e se  c u v e t te s  w i l l  be commented on as  n e c e s s a ry  in  
th e  r e s u l t s  s e c t io n ,
Pharm acia
C hrom atographic p ro ced u res  w ere perform ed on an  FRAC—300
A
chrom atography sy stem , w ith  a u to m a tic  f r a c t i o n  c o l l e c t i o n .  The 
e lu a te  was m onito red  u s in g  a  UV (280nm) d e t e c to r .
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P r e p a ra t io n  o f  A n tise ru m /H o rse -ra d ish  p e ro x id a se  c o n ju g a te s
R ab b it an ti-hum an-im m unoglobulin  a n t i s e r a  were su p p lie d  a s  
im m unoglobulin f r a c t i o n  p r e p a r a t io n s .  B efo re  u s e ,  th e  p r o te in  
c o n c e n tra t io n  was a d ju s te d  to  lOmg/ml.
The gam m a-globulin  f r a c t i o n  was p r e c ip i t a t e d  from  th e  donkey 
a n t i —sh e e p -Ig  a n tise ru m  by a d d i t io n  o f  an eq u a l volume o f  90% 
s a tu r a te d  ammonium s u lp h a te .  The p r e c i p i t a t e  was washed tw ice  w ith  
45% s a tu r a te d  ammonium s u lp h a te ,  d is s o lv e d  in  PBS and d ia ly s e d  f o r  
24 h o u rs  a g a in s t  3 changes o f  PBS (51 e a c h ) .  V o ile r  e t  a l .  (136) 
have su g g es ted  th a t  th e  im m unoglobulin f r a c t i o n  o f  an  a n tis e ru m  i s  
ad eq u a te  f o r  enzyme c o n ju g a tio n  and no f u r th e r  p u r i f i c a t i o n  i s  n e c e ss a ry , 
C o n ju g a tio n  method
The tw o -s te p  g lu ta ra ld e h y d e  method (136 , 196) was u se d , w ith  
m inor m o d if ic a t io n s .  The method was i d e n t i c a l  f o r  a l l  c o n ju g a te s ,  
and c o n s is te d  o f  th e  fo llo w in g  s te p s :
1 . The DAKO a n t i s e r a  were d ia ly s e d  f o r  l8  h ou rs a g a in s t  0.1M s a l in e  
to  remove sodium a z id e .  The p r o te in  c o n te n t o f  th e  s o lu t io n  was 
th e n  a d ju s te d  to  a p p ro x im a te ly  lOmg/ml, by d i l u t i o n  W ith 0.1M s a l i n e .
2 . lOmg h o r s e - r a d is h  p e ro x id a se  w ere d is s o lv e d  in  0 .2m l phosphate  
b u f f e r ,  pH 6 .8 ,  0.1M c o n ta in in g  1.25% ^ / v  g lu ta ra ld e h y d e ,  and th e  
m ix tu re  in c u b a te d  f o r  18 h ou rs a t  room te m p era tu re  (2 5 °C ).
3 . The m ix tu re  was chrom atographed on a  3ml column o f  Sephadex G—75* 
The d i s t i n c t l y  brown f r a c t io n  was c o l le c te d  a s  th e  g lu ta ra ld e h y d e -  
a c t iv a t e d  p e ro x id a se . The volume o f  t h i s  f r a c t i o n  was 1 .0 m l.
4* 1ml o f  th e  a n tis e ru m  s o lu tio n ( lO  mg)was removed from th e  d i a l y s i s  
b a g , and added to  th e  g lu ta r a ld e h y d e -a c t iv a te d  p e ro x id a se  s o lu t io n .  
lOOpl o f  C a rb o n a te /B ica rb o n a te  b u f f e r ,  pH 9*6, 1M were added and th e  
m ix tu re  in c u b a ted  f o r  24 hours  a t  4°C .
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5* 100 |il o f  0.2M 1—ly s in e  were added and th e  m ix tu re  in c u b a te d  f o r
2 h o u rs  a t  room te m p e ra tu re  ( 25°C) to  b lo c k  any rem a in in g  f r e e  
g lu ta ra ld e h y d e  g ro u p s .
6 . The c o n ju g a te  was p r e c i p i t a t e d  by th e  a d d i t io n  o f  an  equal volume 
o f  s a tu r a te d  ammonium s u lp h a te ,  and th e  p r e c i p i t a t e  was washed tw ice  
w ith  50% s a tu r a te d  ammonium s u lp h a te  s o lu t io n .
7 . The washed p r e c i p i t a t e  was d is s o lv e d  in  1ml PBS and d ia ly s e d  
a g a in s t  PBS f o r  24 h o u rs  ( 4 x 4  l i t r e s ) .
8 . The s o lu t io n  was c e n tr i fu g e d  a t  a p p ro x im a te ly  2000 x  g  f o r  2 h o u rs , 
a f t e r  w hich no v i s i b l e  p r e c i p i t a t e  was e v id e n t .
9* The s o lu t io n  was t r a n s f e r r e d  to  a  f r e s h  c o n ta in e r ,  and BSA added 
to  a  f i n a l  c o n c e n tra t io n  o f  1%.
10. The s o lu t io n  was p assed  th ro u g h  a  0.25^m m i l l ip o r e  f i l t e r ,  an 
e q u a l volume o f  g ly c e ro l  was added to  th e  f i l t r a t e ,  and th e  f i n a l  
s o lu t io n  s to re d  a t  4°C .
The c o n ju g a te  p r e p a ra t io n s  w i l l  be r e f e r r e d  to  a s  ASP 
(A n ti _Serum /Peroxidase), fo llo w ed  by th e  s p e c i f i c i t y  o f  th e  a n tis e ru m  
( i e .  ASP-hIgG A SP-ShIg).
P re p a ra t io n  o f  Bovine Serum A lbum in/Thyroxine C on ju g a tes
( i )  C arbodiim ide c o n ju g a tio n
C arbod iim ides a re  a  group o f  compounds w hich m ed ia te  in  th e  
fo rm a tio n  o f  p e p tid e  bonds betw een th e  amine group o f  one m o lecu le , 
and th e  ca rb o x y l group o f  a n o th e r  (197)* W a te r-so lu b le  c a rb o d iim id e s  
p e rm it th e  u se  o f  m ild , aqueous c o n d i t io n s  w ith o u t ex trem es o f  pH o r  
te m p e ra tu re ,  th e re b y  re d u c in g  p r o te in  d é n a tu ra t io n  to  a  minimum.
The c o n ju g a tio n  method u sed  was a  m o d if ic a t io n  o f  t h a t  o f  
Burke and S hakespear ( l9 4 )  f o r  th e  p r e p a r a t io n  o f  T4/BSA immunogen.
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The p ro ced u re  c o n s is te d  o f  th e  fo llo w in g  s t e p s .
1 . 50mg Bovine serum album in were d is s o lv e d  in  5ml d e io n is e d  w a te r .  
20mg EDC were d is s o lv e d  in  10ml d e io n is e d  w a te r ,  and 30mg T4 were 
d is s o lv e d  in  12ml DlilP/water 3 :1 .
The s o l u b i l i t y  o f  T4 in  Dî4P/water 3:1 was n o ted  to  be v a r ia b le  
in  th e  ex p erim en ts  p erfo rm ed . However, by th e  a d d i t io n  o f  a  few 
e x t r a  d ro p s  o f  DI®’, th e  s o l u b i l i t y  o f  th e  T4 was a s s u re d .
2 . A ll  s o lu t io n s  were coo led  to  4°C , and ap p ro x im a te ly  3ml o f  th e  
EDO s o lu t io n  were added dropw ise to  th e  BSA s o lu t io n ,  w ith  s t i r r i n g .
3 . The T4 s o lu t io n  was added d ropw ise to  th e  EDC/bSA m ix tu re , w ith  
s t i r r i n g .  Q.1M HCl o r  0.1M NaOH was added to  th e  r e a c t io n  m ix tu re  
to  m a in ta in  th e  pH a t  7 .0 .  In  some e x p e rim e n ts , on a d d i t io n  o f  
ap p ro x im a te ly  75% o f  th e  T4 s o lu t io n ,  th e  r e a c t io n  m ix tu re  became % 
c lo u d y , d e s p i te  th e  m ain tenance o f a  n e u t r a l  pH. When t h i s  o c c u rre d  
th e  experim en t was abandoned, s in c e  o n ly  d r a s t i c  a l t e r a t i o n  o f 
th e  c o n d it io n s  (e g . a l t e r a t i o n  o f th e  pH to  5 o r  11) would r e d is s o lv e  
th e  p r e c i p i t a t e .  No e x p la n a tio n  f o r  t h i s  phenomenon was fo u n d .
4 .  The rem ain in g  7ml o f  th e  EDC s o lu t io n  were s lo w ly  added , and th e  
s o lu t io n  in c u b a te d  f o r  18 h o u rs  a t  4°C , w ith  c o n s ta n t  s t i r r i n g .
5 . The r e a c t io n  m ix tu re  was th e n  d ia ly s e d  a g a in s t  PBS f o r  30 ho u rs  
( 5 x 4  l i t r e s ) .  The f i n a l  volume o f  th e  s o lu t io n  was a d ju s te d  to  
40ml w ith  PBS, and th e  c o n ju g a te  s to r e d  a t  -17°C . in  5ml a l i q u o t s .
I t  was c o n s id e re d  u n n e c e ssa ry  in  t h i s  s tu d y  to  chrom atograph 
th e  c o n ju g a te  a s  recommended by Burke and S hakespear (194) f o r  th e  
p r e p a r a t io n  o f  immunogen, s in c e  th e  p re se n c e  o f  m a te r ia l  t h a t  was 
n o t c o v a le n t ly  bound would no t i n t e r f e r e  in  th e  a s s a y .
T h is  p re p a ra t io n  w i l l  be r e f e r r e d  to  a s  T4/BSA (EDC).
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( i i )  D im ethyl a d ip im id a te  c o n ju g a tio n
D im ethyl a d ip im id a te  (DMA) i s  a  h o m o b ifu n c tio n a l re a g e n t .
Both ends o f  th e  m olecu le r e a c t  w ith  f r e e  amino groups (1 9 8 ) . DMA has 
been  u sed  in  th e  c o n ju g a tio n  o f  T3 to  (3 -D -g a lac to sid ase  (199)*
The s t r u c t u r e  o f  DMA i s  shown below
01 Ht N . mC Cl\  y\C-CHp-CH_-CH_-CH -C 
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HjCO OCH
Two m ethods w ere employed to  co n ju g a te  T4 to  BSA u s in g  DMA.
( i )  The method o f  O’ S u ll iv a n  e t  a l .  ( l9 9 )  was fo llo w e d , b u t w ith  
th e  s u b s t i t u t i o n  o f  BSA f o r  enzyme, in  e q u a l mass c o n c e n tr a t io n .
The p ro ced u re  c o n s is te d  o f  th e  fo llo w in g  s t e p s .
1 . 10mg T4 and 75 nCi la b e l le d  T4 were d is s o lv e d  in  2ml d ry  
m ethanol c o n ta in in g  25% ^ /v  n - e th y l  m o rp h o lin e .
2 . 6mg DMA were added to  th e  s o lu t io n ,  and th e  m ix tu re  in c u b a te d
f o r  30 m inu tes a t  room te m p e ra tu re  (25°C ). At t h i s  s ta g e  th e  s o lu t io n  
had a  s l i g h t  ye llo w  t i n t .
3 . 2mg BSA were d is s o lv e d  in  2ml c a rb o n a te  b u f f e r ,  pH 9*9» 0.1M, 
and t h i s  s o lu t io n  added to  th e  r e a c t io n  m ix tu re  w ith  s t i r r i n g .
The s o lu t io n  became c loudy  b r i e f l y ,  th e n  c l e a r e d .  The m ix tu re  was 
in c u b a te d  f o r  a  f u r th e r  $0 m inu tes a t  room te m p e ra tu re  (2 5 °C ).
4 .  The m ix tu re  was s u b je c te d  to  chrom atography on a  Sephadex G25 
column (10  m m .id. x  400 mm). The abso rb an ce  o f  th e  e lu a te  was 
m o n ito red  a t  280 nra, and f i f t y  1ml f r a c t i o n s  were c o l l e c t e d ,  and 
s u b je c te d  to  Ï  r a d i a t i o n  c o u n tin g . The e l u t io n  d iag ram , to g e th e r  
w ith  th e  125% c o n te n t o f  each f r a c t i o n  a re  shown in  f ig u r e  34#
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F ig u re  34
Chrom atography o f  T4/BSA (DMA) c o n ju g a te  on Sephadex G-25, a s  
d e s c r ib e d  in  th e  t e x t .
__________  r e p r e s e n ts  co u n ts  p e r  second ( I 2 5 i—T4 )
r e p r e s e n t s  abso rbance a t  280nm ( c h a r t  d iv i s io n s )
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F ra c t io n s  1 0 - 1 8  were ta k e n  to  re p re s e n t  T4/BSA c o n ju g a te . 
F r a o t io n s  24 to  42 re p re s e n te d  u n co n ju g a ted  ^ ^ ^ I-T 4 . The la rg e  peak  
d e te c te d  by Aggo Between f r a c t i o n  17 and 4 I was c o n s id e re d  to  
r e p r e s e n t  u n co n ju g a ted  T4, T4/T 4  p o ly m ers , and p o s s ib ly  low 
m o le c u la r  w eigh t p r o te in  fra g m e n ts .
F ra c t io n s  10 to  18 were poo led  and s to re d  a t  - 17°C in  2ml 
a l i q u o t s .  T h is  p r e p a r a t io n  w i l l  be r e f e r r e d  to  a s  T4/BSA (DMA).
( i i )  The method used  to  c o n ju g a te  T4 to  BSA by means o f  EDC was
fo llo w e d , w ith  th e  s u b s t i t u t i o n  o f  DMA f o r  EDC. 75 nCi
w ere added to  th e  T4 s o lu t io n  in  o rd e r  to  m o n ito r th e  c o n ju g a tio n .
When DMA was added to  th e  T4 s o lu t io n ,  i t  was n o ted  t h a t  
th e  pH in c re a s e d  from  7 to  9 over a  15 m inute p e r io d ,  and th a t  th e  
s o lu t io n  became v is c o u s .  The pH was s t a b i l i s e d  a t  7 u s in g  0.1M HCl.
On a d d i t io n  o f  BSA to  th e  m ix tu re , th e  pH d e c re a se d  r a p id ly  to  5 , 
and th e  s o lu t io n  became c lo u d y .
The c lo u d in e s s  c le a re d  when th e  s o lu t io n  was r e - s t a b i l i s e d  
a t  pH 7*0*
When th e  p r e p a r a t io n  was s u b je c te d  to  chrom atography  u s in g  
th e  c o n d i t io n s  d e t a i l e d  in  s e c t io n  ( i )  above, no peaks were d e te c te d  
e i t h e r  by A^gg o r  by Y -counting*
I t  was concluded  from th e s e  o b s e rv a tio n s  t h a t  e x te n s iv e  s e l f  
c r o s s - l in k in g  b o th  o f  T4 m o lecu les and o f  BSA m o lecu les  had o c c u rre d , 
and t h a t  th e  r e s u l t a n t  com plexes w ere u n ab le  to  e n te r  th e  Sephadex G25 
colum n. T h is  c o n c lu s io n  was su p p o rted  by th e  v is c o u s  n a tu re  o f  th e  
p r e p a r a t io n ,  which became more pronounced on s ta n d in g .  No f u r th e r  
work was perform ed w ith  t h i s  p r e p a r a t io n .
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P re p a ra t io n  o f  s u c c in y la te d  p o ly - l - ly s in e /T 4  co n ju g a te
The c o n ju g a tio n  o f  T3 to  s u c c in y la te d  p o ly - l - l y s in e  has 
been  w e ll  docum ented (2 0 0 ) . The u se  o f  th e  s u c c in y la te d  d e r iv a t iv e  
o f  p o ly - l - ly s in e  i s o l a t e s  th e  c o n ju g a te d  h a p te n  from  th e  s u r fa c e  o f  
th e  c a r r i e r  m o le c u le . The d eg ree  o f  s u c c in y la t io n  o f  th e  p o l y - l -  
ly s in e  was n o t known. I f  th e  s u c c in y la t io n  i s  t o t a l  (201) th e n  no 
ad v an tag e  would be g a in ed  from i t s  u se  a s  a  s p a c e r  g ro u p . The 
p ro ced u re  used  was th e  same a s  t h a t  d e s c r ib e d  above f o r  th e  
c o n ju g a tio n  o f  T4 to  BSA u s in g  EDC, ex ce p t in  th e  fo llo w in g  r e s p e c t s .
1 . S u c c in y la te d  p o ly - l - ly s in e  (SPLL) was d is s o lv e d  in  5mls 0.25M 
NaOH, and th e  pH reduced  by dropw ise a d d i t io n  o f  0.25M HCl u n t i l  
th e  SPLL ju s t  rem ained in  s o lu t io n  (pH 1 1 ) .
2 . A f te r  a d d i t io n  o f  th e  f i r s t  a l iq u o t  o f  EDC, th e  pH was f u r th e r  
red u ced  to  7 .2 ,  and m a in ta in ed  a t  t h i s  l e v e l  th ro u g h o u t th e  rem a in in g  
p ro c e d u re s .
A f te r  f i n a l  d i a l y s i s  o f  th e  c o n ju g a te ,  a  s l i g h t  h a z in e s s  o f  
th e  s o lu t io n  was o b se rv ed . The c o n ju g a te  ( f i n a l  volume 44m ls) was 
d iv id e d  in to  2ml a l iq u o t s  and s to r e d  a t  —20°C. In  a  s e p a ra te  
ex p e rim e n t, th e  d eg ree  o f  c o n ju g a tio n  o f  T4 to  SPLL was e s tim a te d  
a t  13m ol. T4 p e r  m ol, SPLL, assum ing a  m o lecu la r w eig h t f o r  SPLL 
o f  50 ,000  d a l to n s .  T h is  com pares fa v o u ra b ly  w ith  re p o r te d  T4 : 
human serum album in in c o rp o ra t io n  r a t i o s  o f  5-6  : 1 ( l9 4 )#
As in  th e  c o n ju g a tio n  o f  T4 to  BSA by means o f  EDC, th e  
f i n a l  p ro d u c t was n o t ch rom atographed . T h is p r e p a r a t io n  w i l l  be 
r e f e r r e d  to  a s  T4/ 8PLL.
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METHODS
1 , ASSESSMENT OF HORSE-RADISH PEROXIDASE/aNTISERUM CONJUGATES
. Each o f  th e  c o n ju g a te s  was t e s t e d  to  e s t a b l i s h  i t s  a b i l i t y  
to  r e a c t  in  a  d o se -d ep en d en t f a s h io n  to  human o r sheep im m unoglobulins. 
The p ro c e d u re s  were s im i la r  in  a l l  c a s e s ,  and c o n s is te d  o f  th e  
fo llo w in g  s te p s  ( r e a c t io n  volum es and d i lu e n t s  were a s  d e s c r ib e d  in  
p re v io u s  ELISA p ro c e d u re s ) .  Only th e  t e s t i n g  o f  th e  ASP-hIgG and 
ASP-ShIg w i l l  be d e s c r ib e d ,
1 . Normal human o r  sheep serum was d i l u te d  s e r i a l l y  in  a  10 f o ld  
manner from 1:100 to  1 :1 0 ^ .
2 . The d i lu te d  serum sam ples were in c u b a te d  in  c u v e t te s  f o r  18 h o u rs  
a t  37°C. The c u v e t te s  were th e n  em ptied  and w ashed.
3 . The c o n ju g a te s  w ere d i l u te d  1 :5  x 10^ and added to  th e  a p p ro p r ia te  
c u v e t te s .
4 .  The c u v e t te s  were in c u b a ted  f o r  4 h o u rs  a t  3 7°0 , th e n  em ptied  
and w ashed.
5 . The p e ro x id a se -m e d ia te d  r e a c t io n  was perform ed a s  d e s c r ib e d  
p r e v io u s ly ,  and th e  f i n a l  ab so rb an ces  m easured .
2 . INVESTIGATION OF EFFICIENCY OF HORSE-RADISH PEROXIDASE/aNTI-HUMAN 
IgG ANTISERUM CONJUGATION
In  o rd e r  to  de te rm in e  w hether any f r e e  a n tis e ru m  o r  enzyme 
was p re s e n t  in  th e  c o n ju g a te  p r e p a r a t io n ,  a  th r e e - s t a g e  experim en t 
was p erfo rm ed . Only th e  ASP-hIgG was t e s t e d ;  i t  was c o n s id e re d  t h a t  
th e  e f f i c i e n c y  o f  c o n ju g a tio n  was s im i la r  f o r  a l l  th e  p r e p a r a t io n s .
The f i r s t  p a r t  o f  th e  exp erim en t ( s te p s  1 and 2 below ) was 
d e s ig n e d  to  d e te c t  p e ro x id a se  a c t i v i t y  in  f r a c t io n s  e lu te d  from  a  
S ep h ecry l S300 s u p e r f in e  ch rom atog raph ic  s e p a ra t io n  o f  th e  c o n ju g a te .  
The second p a r t  ( s te p s  3 .to  5) was d e s ig n e d  to  d em o n stra te  th o se
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f r a c t i o n s  w hich r e a c te d  w ith  human IgG and showed p e ro x id a se  a c t i v i t y .
The t h i r d  p a r t  ( s te p  6 ) was d e s ig n e d  to  d e te rm in e  w hether unchrom ato­
g raphed  co n ju g a te  was a b le  to  r e a c t  w ith  any u n re a c te d  im m obilised  
IgG a f t e r  i t s  r e a c t io n  w ith  th e  chrom atographed p r e p a r a t io n .  I f  
u n co n ju g a ted  an ti-hum an  IgG a n t ib o d ie s  were p re s e n t  in  th e  p r e p a r a t io n ,  
th e y  would b lo ck  th e  r e a c t io n  o f  th e  unchrom atographed c o n ju g a te  w ith  
im m ob ilised  IgG in  th o se  f r a c t io n s  w here th e  f r e e  a n tis e ru m  o c c u rre d ,
1 . 100^1 ASP-hIgG w ere d i l u te d  to  $00^1 w ith  PBS, and a p p lie d  to
th e  to p  o f  th e  column o f  S ep h acry l S-300 s u p e r f in e  ( l 6mm i . d .  x  400mm). 
The column was e lu te d  w ith  PBS a t  a  r a t e  o f  6 0 m l/h o u r, and n in e ty  1ml 
f r a c t io n s  were c o l l e c t e d .  The e lu a te  was m on ito red  by UV absorbance 
a t  280nm.
2 . 250^1 o f  p e ro x id a se  s u b s t r a te  (OPD/H2O2 ) s o lu t io n  were added to  
90 c u v e t te s ,  and 5^1 o f  each  e lu te d  f r a c t i o n  was added to  th e  
a p p ro p r ia te  c u v e t te .  The enzym e-m ediated r e a c t io n  was a llow ed  to  
p ro ceed  f o r  2 .5  m in u te s , th e n  te rm in a te d ,  and th e  abso rb an ce  a t  492nm 
o f  th e  c o n te n ts  o f  each  c u v e t te  m easured . The ab so rb an ce  o f  th e  e lu a te  
and th e  ELISA ab so rb an ces  beyond th e  f i r s t  50ml in d ic a te d  t h a t  no f u r t h e r  
p r o te in  had been e lu te d ,  and no f u r t h e r  r e a c t io n  had o c c u rre d .
3 . Human IgG in  th e  form o f  norm al serum d i l u te d  1 :500  was in c u b a te d  
in  50 f r e s h  c u v e t te s ,  f o r  6 hours a t  37°0 . A f te r  em ptying  and w ash ing  
th e  c u v e t te s ,  250 |il PBS-Tween, w ith  0 .0 5 ^  BSA to  f u r th e r  d e c re a se
th e  in c id e n c e  o f  n o n -s p e c if ic  i n t e r a c t i o n  o f  th e  c o n ju g a te  w ith  
p o ly s ty r e n e ,  were added to  th e  w e l l s .
4 . 5m-1 o f  each o f  th e  f i r s t  50 e lu te d  f r a c t io n s  were added to  th e  
a p p ro p r ia te  c u v e t te s ,  and in c u b a te d  f o r  18 h o u rs  a t  37°0 .
5 . The c u v e t te s  w ere em ptied and w ashed, s u b s t r a te  was added , and th e  
enzyme m ediated  r e a c t io n  a llow ed  to  p ro ceed  f o r  2 .5  m in u te s . A f te r  
a d d i t io n  o f  th e  s to p p in g  re a g e n t th e  f i n a l  ab so rb an ces  were m easured .
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6 . S te p s  3 and 4 w ere re p e a te d  w ith  f r e s h  c u v e t te s .  A f te r  in c u b a tio n  
( s te p  4 ) ,  em ptying and w ash ings th e  c u v e t te s ,  250fil unchrom atographed 
ASP-hIgG a t  a  d i l u t i o n  o f  1 :2 .5  x 10^ was added to  a l l  th e  c u v e t te s .
The c u v e t te s  were in c u b a te d  f o r  2 h o u rs  a t  37°G, em ptied  and w ashed.
The enzym e-m ediated r e a c t io n  was perfo rm ed  and th e  ab so rb an ces  
m easured as  d e s c r ib e d  in  s te p  5*
3 . INVESTIGATION OF ASSAY CONDITIONS (THBA ASSAY)
The a s sa y  c o n d i t io n s  f o r  t h i s  s e c t io n  o f  work w ere in v e s t ig a te d  
in  th e  exp erim en ts  to  be o u t l in e d  in  C h ap te r 7* In  th e  work p re s e n te d  
in  th e  rem ain d er o f  t h i s  c h a p te r ,  th e  a s s a y  c o n d i t io n s  were m a in ta in e d , 
i n  g e n e r a l ,  w ith in  th o s e  d e sc r ib e d  p re v io u s ly  (C h ap te rs  3 and 5 ) i  
u s in g  th e  in d i r e c t  ELISA m ethodology based  on th e  EIA 50 sy stem . A ll  
in c u b a tio n s  in  t h i s  and su b sequen t c h a p te r s  were perform ed  a t  37°0 
in  a  h u m id if ie d  cham ber.
4 .  EXAMINATION OF ANTIGEN PREPARATIONS
Since th e  ELISA p ro ced u re  has been d e s c r ib e d  in  d e t a i l  in  
p re v io u s  c h a p te r s ,  th e  a s sa y  c o n d i t io n s  f o r  each  o f  th e  ELISA 
ex p erim en ts  to  be d e s c r ib e d  w i l l  be summarised in  th e  fo llo w in g  fo rm a t.
Type D i lu t io n  In c u b a t io n  Time 
A n tig en s  xxx xxx xxx
T e s t Serum xxx xxx xxx
ASP XXX XXX XXX
A ll o th e r  c o n d it io n s  (e g . w ash es , enzyme m ed ia ted  r e a c t io n  
c o n d i t io n s ,  e t c . )  were c o n s ta n t and a s  p re v io u s ly  d e s c r ib e d .  Where 
a  range  o f  d i l u t i o n s  i s  in d ic a te d ,  th e  in te rm e d ia te  d i l u t i o n s  were 
1 0 - fo ld  ( i e .  1:100 -  1 :10^ r e p r e s e n ts  1 :1 0 0 , 1 :1000 , 1 :1o4 and 1 :1 0 ^ ) .  
W herever p o s s ib le ,  each  t e s t  was conducted  in  t r i p l i c a t e .
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a .  E f f e c t  o f  8 -A n ilin o  n ap h th a len e  su lp h o n ic  a c id  (ANS)
In  o rd e r  to  p roceed  w ith  th e  ex am in a tio n  o f  th e  a n t i g e n / a n t i -  
hody sy stem , th e  e f f e c t s  o f  TBG on th e  a s s a y  were f i r s t  e v a lu a te d .
ANS i s  commonly used  in  RIA p ro ced u res  f o r  th e  q u a n t i ta t io n  
o f  serum T4 and T3, to  i n h i b i t  TBG b in d in g  o f  th e  hormones (59» 6 7 , 202) 
In  o rd e r  to  in v e s t ig a t e  th e  u se  o f  ANS in  th e  ELISA sy stem , th e  
fo llo w in g  a s s a y  was perfo rm ed .
C o n d itio n s
A ntigen  
T es t Serum 
ASP
Type D ilu t io n
T4/SPLL 1:1000 
See T ext
Sh Ig  ) 
h  IgG) 1:104
In c u b a tio n
Time
2 h r s
1 h r .
1 h r .
Three t e s t  s e ra  were used
( i )  BR
( i i )  serum w ith  an e le v a te d  
TBG le v e l  (from  a  norm al 
p re g n a n t ( 38/ 4 0 ) s u b je c t )
( i i i )  sheep a n ti-T 4  a n tise ru m
d i l u t i o n  1 :2  x  10^
d i l u t i o n  1:1000 
d i l u t i o n  1:1000
Each t e s t  serum was d i l u te d  in  wash b u f f e r  c o n ta in in g  ANS a t  a  
c o n c e n tra t io n  o f  O.O4 , 0 .0 2 , 0.01 and O.OO5 m g/ml, and a ls o  in  wash 
b u f f e r  w ith  no added ANS. ( a d d i t io n  o f  ANS a t  a  c o n c e n tr a t io n  o f
0.001 mg/ml would be e q u iv a le n t to  th e  a d d i t io n  made in  a  norm al 
RIA p ro ced u re  f o r  T4 e s t im a t io n .)
b .  B in d in g  o f  T4 to  u n tr e a te d  p o ly s ty re n e  c u v e t te s
The e x te n t  and v a r i a b i l i t y  o f  b in d in g  o f  T4 to  ELISA c u v e t te s  
was d e te rm in ed  a s  fo l lo w s .
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1 . was d i l u t e d  in  c o a t in g  b u f f e r  to  a  coun t r a t e  o f  1o5cpm /250|il.
2 . 25O11I  a l iq u o ts  o f  th e   ^^^ I-T 4  s o lu t io n  were d isp e n se d  in to  9 
c u v e t te s  a l t e r n a t i n g  w ith  empty c u v e t te s ,  w hich were th e n  in c u b a te d  
f o r  18 h o u rs .
3 . The c u v e t te s  w ere em ptied  and w ashed.
4 . The c u v e t te s  were s e p a ra te d  by c u t t i n g  th ro u g h  th e  unused c u v e t te s  
w ith  a  h o t w ire ,  and th e n  su b je c te d  to  Ï  c o u n tin g . Two Luckham LP3 
t e s t  tu b e s  c o n ta in in g  250^1 a l iq u o ts  o f  th e  s o lu t io n  were a ls o  
c o u n te d .
c .  B in d in g  o f  T4 to  g lu ta ra ld e h y d e  t r e a t e d  tu b e s
Luckham p o ly s ty re n e  LP3 tu b e s  were t r e a t e d  w ith  250 | i l  2 .5 ^  
aqueous g lu ta ra ld e h y d e .  A s e r i e s  o f  s o lu t io n s  o f  T4 was made in  
DMP/water 3 :1 ,  w ith  c o n c e n tra t io n s  from  4mg/ml to  31 |ig/m l (by  s e r i a l  
tw o -fo ld  d i l u t i o n s ) .  To each o f  th e s e  ^^^I-T 4  was added to  g iv e  a  
coun t r a t e  o f  a p p ro x im a te ly  1 .5  x 10^ cpm /250^1. A f te r  in c u b a tio n
f o r  18 h o u rs , th e  tu b e s  were em p tied , washed and s u b je c te d  to
Ï  c o u n t in g . Two LP3 tu b e s  c o n ta in in g  250^1 a l iq u o t s  o f  th e   ^25%_T4 
s o lu t io n  were a ls o  c o u n ted .
d .  T i t r a t i o n  o f  T4 a g a in s t  sheep a n t i-T 4  a n tise ru m  and norm al
sheep  serum .
The u se  o f  T4 a s  a n t ig e n ,  in  c u v e t te s  t r e a t e d  w ith  g lu t a r a ld e ­
hy d e , was in v e s t ig a te d  a s  fo llo w s  
C o n d itio n s
Type D i lu t io n  In c u b a t io n
Time
A n tig en  T4 ( c o n c e n tr a t io n s )  3 h r s
Img/ml -  100hg/m l
T e s t Serum Sheep a n t i —T4 1 :4000 2 h r s
norm al sheep serum
ASP S h -Ig  1;1o4 5 h r s
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The c u v e t te s  were p r e - t r e a te d  w ith  g lu ta ra ld e h y d e  a s  o u t l in e d  
in  s e c t io n  4 c , The T4 was d is s o lv e d  in  DMP/water 3 :1 .  A f te r  th e  a n t ig e n  
in c u b a t io n ,  i t  was n e c e s s a ry  to  wash th e  c u v e t te s  in  ru n n in g  ta p  w a te r  
in  o rd e r  to  p re v e n t f r o s t i n g  o f  th e  p o ly s ty re n e .  T h is  experim en t 
was a l s o  perform ed w ith o u t th e  a d d i t io n  o f  T4, to  a s s e s s  th e  e f f e c t s  
o f  g lu ta ra ld e h y d e  and DMP/water.
e .  Com parison o f  T4/ bSA (EDC) and T4/BSA (DIIA) t i t r a t i o n s  u s in g  
sheep a n t i-T 4  a n tis e ru m
C o n d itio n s
A n tig en
T e s t Serum 
ASP
Type
T4/BSA (EDC) 
T4/BSA (DMA)
Sheep a n t i —T4
S h -Ig
D ilu t io n
1 :1 0 -1 :1o5
1:1000
1 :10^
In c u b a tio n
Time
18 h r s
2 h r s  
2 h r s
f . Com parison o f  TA/bSA (EDC) and T4/SPLL t i t r a t i o n s ,  u s in g  sheep 
a n t i —T4 a n tise ru m  and norm al sheep serum
C o n d itio n s
A n tigen  
T e s t Serum 
ASP
Type
T4/BSA (EDC) 
T4/SPLL
Sheep a n ti-T 4  
norm al sheep serum
S h -Ig
D ilu t io n
1 : 100- 1: 10?
1:1000
1:1o4
In c u b a tio n
Time
2 h r s
2 h r s
2 h r s
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g . Com parison o f  sheep a n t i-T 4  a n t i s e rum re sp o n se s  to  BSA and SPLL 
In  o rd e r  to  d e te rm in e  w hether th e  re sp o n se s  o b served  in  
p re v io u s  exp erim en ts  were due to  r e a c t io n  o f  th e  t e s t  s e r a  w ith  th e  
c a r r i e r  p r o te in s ,  th e  fo llo w in g  experim en t was perfo rm ed .
C o n d itio n s
D ilu t io n
A n tig en
T e s t Serum 
ASP
Type
SPLL
BSA
Sheep a n t i —T4 
S h -Ig
1 : 10- 1 : 10?
from  s to c k  s o lu t io n s  
(3  mg/ml)
1:1000
1 : 1 0 4
In c u b a tio n
Time
18 h r s
2 h rs  
2 h r s
h .  Comparison o f  T4/BSA (EDC) and T4/SPLL t i t r a t i o n s  u s in g  human 
THBA p o s i t iv e  (BRy and negative.-(R G ) serum sam ples
( i )  T4/BSA (EDC) t i t r a t i o n  
C o n d itio n s
Type
A n tig en  T4/BSA (EDC)
T e s t Serum BR
RG
ASP h-IgG
( i i )  T4/SPLL t i t r a t i o n  
C o n d itio n s
Type
D ilu t io n
1 :1 0 0 -1 :1o( 
1 :1000
1:104
In c u b a tio n
Time
2 h r s
2 h r s
2 h r s
A ntigen  
T e s t Serum
ASP
T4/SPLL
BR
RG
h-IgG
D ilu t io n
1 : 100- 1 : 10?
1 :2  X 104 
1:1000
1:104
In c u b a t io n
Time
2 h r s
2 h r s
2 h r s
These two ex p erim en ts  were n o t perfo rm ed  c o n c u r re n t ly ,  a lth o u g h  th e  
tim in g  o f  th e  in c u b a tio n s  was i d e n t i c a l .  Because o f  a  s h o r ta g e  o f
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th e  THBA p o s i t i v e  serum (BR) i t  was n e c e ss a ry  to  perfo rm  th e  second 
o f  th e s e  ex p erim en ts  w ith  serum BR a t  a  d i l u t i o n  o f  1 :2  x lO ^,
i .  E f f e c ts  o f  h e a t tre a tm e n t on t e s t  serum
In  th e  co u rse  o f  th e  e x p e rim e n ta l work in v o lv in g  T4/SPLL 
i t  was no ted  th a t  serum sam ples p re v io u s ly  assay ed  by TGHA in v a r ia b ly  
gave a  p o s i t i v e  re sp o n se  a g a in s t  T4/SPLL in  th e  ELISA system . In  
o rd e r  to  t e s t  w hether t h i s  e f f e c t  was due to  th e  h e a t  t r e a tm e n t used  
to  in a c t iv a te  th e  complement sy stem , th r e e  serum sam ples ( M ,  HI and 
RA) w hich had been h e a te d  to  60°C f o r  30 m in u te s , and two sam ples 
(RG and A l) w hich had n o t been h e a te d ,  w ere a s sa y e d , u s in g  T4/BSA (EDO) 
and T4/SPLL a s  a n t ig e n s .  A d d i t io n a l ly ,  two serum sam ples (MA and RG) 
w ere a ssay ed  bo th  w ith  and w ith o u t h e a t  t r e a tm e n t .  The l a t t e r  
exp erim en t was perform ed w ith  T4/SPLL o n ly .
C o n d itio n s
Type D i lu t io n  In c u b a tio n
Time
A ntigen  T4/BSA 1 :1000 -1 :10^  18 h r s
T4/SPLL
T e s t Serum (s e e  t e x t )  1:1000 2 h r s
ASP h-IgG  1:104 2 h r s
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RESULTS
1 . ASSESSMENT OF HORSE-RADISH PEROXIDASE/aNTISERUM CONJUGATES
The re sp o n se s  o f  th e  c o n ju g a te s  to  v a ry in g  a n t ig e n  d i l u t i o n s  
( i n  th e  form o f  norm al human o r  sheep  serum) a re  shown in  f ig u r e s  
35 and 36 . In  b o th  c a s e s ,  th e  c u rv e s  show h ig h e r  ab so rb an ces  a t  
in te rm e d ia te  a n t ig e n  d i l u t i o n s  th a n  a t  h ig h  o r low d i l u t i o n s .  The 
low ab so rb an ces  a t  low serum d i l u t i o n s  were p ro b a b ly  caused  by b le e d in g  
o f  th e  a n t ig e n  d u r in g  th e  ELISA p ro ced u re  due to  o v e r -c o a t in g  o f  th e  
p o ly s ty re n e  w ith  a n t ig e n  (153) and i s  u n l ik e ly  to  be r e l a t e d  to  
th e  ASP p re p a r a t io n s .  The d e c re a se  in  ab so rb an ces  w ith  in c re a s in g  
a n t ig e n  d i l u t i o n  above 1;1o4 su g g e s ts  t h a t  th e  ASP r e a c t s  w ith  th e  
a n t ig e n  in  a  dose dependant f a s h io n .  S im ila r  r e s u l t s  were o b ta in e d  
f o r  th e  ASP hIgA and ASP hIgM p r e p a r a t io n s .
In  a l l  subsequen t e x p e rim e n ts , th e  ASP p r e p a r a t io n s  were u sed  
a t  1 :1 q4 .
2 . INVESTIGATION OF EFFICIENCY OF HORSE-RADISH PEROXIDASE/aNTI 
HUMAN IgG ANTISERUI4 CONJUGATION
F ig u re  37 shows th e  e lu t io n  o f  th e  ASP-hIgG p r e p a r a t io n  from  
a  S ep h acry l S-300 s u p e r f in e  colum n, to g e th e r  w ith  th e  ELISA r e s u l t s .
The r e s u l t s  show t h a t  two m ajor peaks o f  p e ro x id a se  a c t i v i t y  were 
e lu te d  and t h a t  o n ly  th e  f i r s t  o f  th e s e  r e a c te d  w ith  human IgG, 
s u g g e s tin g  th a t  th e  second peak re p re s e n te d  u n c o n ju g a ted  p e ro x id a se .
On in c u b a t in g  unchrom atographed ASP w ith  im m ob ilised  norm al serum w hich had 
p r e v io u s ly  been r e a c te d  w ith  th e  chrom atographed ASP, no lo s s  o f  a c t i v i t y  
was n o te d , s u g g e s tin g  t h a t  no f r e e  a n tise ru m  was p r e s e n t  in  th e  
p r e p a r a t io n .
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F ig u re  35
T i t r a t i o n  o f  norm al human serum a g a in s t  a  f ix e d  d i l u t i o n  o f  
ASP-hlgG in  a  d i r e c t  ELISA system  a s  d e s c r ib e d  in  th e  t e x t .
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F ig u re  36
T i t r a t i o n  o f  norm al sheep serum a g a in s t  a  f ix e d  d i l u t i o n  o f  
ASP—Shig  in  a  d i r e c t  ELISA system  as  d e s c r ib e d  in  th e  t e x t .
The means o f  5 r e s u l t s  a t  each d i l u t i o n  w ere jo in e d  by s t r a i g h t  
l i n e s .  T h is  experim en t was perform ed w ith  b a tc h  I  c u v e t te s .
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F ig u re  37
Chrom atography o f  ASP-hIgG on S ephacry l 8-300 s u p e r f in e .  The 
The u p p e r ( e lu t io n )  l i n e  r e p re s e n ts  th e  ahso rhance  a t  280nm o f  th e  e l u a t e .  
The p e ro x id a se  l i n e  r e p r e s e n ts  th e  ab so rb an ces  a t  492nm o b ta in e d  f o r  each 
f r a c t i o n  a f t e r  p e rfo rm in g  th e  enzyme m ed iated  c o lo u r  r e a c t io n .  The ASP 
l i n e  r e p r e s e n ts  th e  ab so rb an ces  a t  492nm o b ta in e d  a f t e r  r e a c t io n  o f  each  
f r a c t i o n  a g a in s t  human IgG, The ASP/ASP l i n e  r e p r e s e n ts  th e  a b so rb an ces  
a t  492nm o b ta in e d  a f t e r  in c u b a tin g  unchrom atographed ASP w ith  human IgG 
p re v io u s ly  in c u b a te d  w ith  each  f r a c t i o n  o f  th e  e l u a t e ,  a s  d e s c r ib e d  in  
th e  t e x t .
p e ro x id a se
ASP
asp/ asp
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I t  was th e r e f o r e  concluded  th a t  a lth o u g h  th e  ASP c o n ta in e d  
u n co n ju g a ted  p e ro x id a se , no d e te c ta b le  u n co n ju g a ted  a n t ib o d ie s  were 
p r e s e n t .  S ince th e  f r e e  p e ro x id a se  in  th e  p r e p a r a t io n  was u n l ik e ly  
to  i n t e r f e r e  in  th e  ELISA p ro c e d u re , i t  was c o n s id e re d  u n e c e ssa ry  to  
chrom atograph  th e  ASP p r e p a r a t io n s .  T h is  was confirm ed  in  l a t e r  
e x p e rim en ts  by th e  low background ab so rb an ces  o b se rv ed ,
3 . INVESTIGATIONS ON ANTIGEN PRESENTATION
a .  E f f e c t  o f  ANS
F ig u re  38 shows th e  e f f e c t  on f i n a l  ELISA a b so rb an ces  o f  
th e  a d d i t io n  o f  ANS to  th e  t e s t  serum in c u b a t io n .  V ery l i t t l e  
change i n  abso rbance i s  seen  f o r  th e  serum from a  p re g n a n t s u b je c t  
o r  f o r  th e  p o s i t iv e  r e fe re n c e  serum BR, Some v a r i a t i o n  in  re sp o n se  
i s  seen  in  th e  case  o f  th e  sheep a n t i-T 4  a n tis e ru m , b u t t h i s  may 
be due to  th e  poor p r e c i s io n  o f  th e  re sp o n se s  o b ta in e d  u s in g  b a tc h  1 
c u v e t te s  (se e  m a te r ia ls  s e c t io n ) .  In  c o n t r a s t  to  th e s e  f in d in g s ,  
th e  u se  o f  a g e n ts  such  a s  ANS to  d i s s o c ia t e  th e  T4-TBG complex i s  
a  req u ire m en t in  radioim m unoassays f o r  T4 in  u n e x tra c te d  serum 
(5 9 , 6 7 , 2 0 2 ).
b .  B ind ing  o f  T4 to  u n tr e a te d  p o ly s ty re n e
The p e rc e n ta g e  o f  t o t a l  r a d i o a c t i v i t y  bound to  th e  c u v e t te s  
was 1 ,66  + 0 ,6 9  ( c o e f f i c i e n t  o f  v a r i a t i o n  4 1 *6^ )  w ith  a  range  
0 .8 6  to  2*66%, B ecause o f  t h i s  u n a c c e p ta b ly  h ig h  v a r i a t i o n ,  in v e s t ­
ig a t io n s  on t h i s  im m o b ilis a tio n  system  w ere d is c o n t in u e d .
c .  B in d in g  o f  T4 to  g lu ta ra ld e h y d e  t r e a t e d  p o ly s ty re n e
At a l l  c o n c e n tra t io n s  o f  T4 t e s t e d ,  no r a d i o a c t i v i t y  above 
background le v e ls  was observed  in  th e  tu b e s .  However, t h i s  may have 
been  due to  a  c o m p e tit iv e  e f f e c t  o f  th e  la rg e  mass o f  u n la b e l le d  T4 
added to  each tu b e .
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F ig u re  38
E f fe c t  o f  ANS on f i n a l  ELISA a b so rb a n c e s , u s in g  sheep 
a n t i-T 4  a n tis e ru m , p o s i t i v e  re fe re n c e  serum (BR) and serum from 
a  p re g n a n t s u b je c t , a s  d e sc r ib e d  in  th e  t e x t .
The mean o f  th e  c lo s e s t  two o f th e  t r i p l i c a t e  r e s u l t s  
were jo in e d  by s t r a i g h t  l i n e s .  T h is  experim en t was perform ed  
w ith  b a tc h  I  c u v e t te s  (se e  m a te r ia ls  s e c t io n ) .
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D isc u ss io n s  w ith  G ilfo rd  In s tru m e n ts  su g g es ted  t h a t  th e  
p o ly s ty re n e  fo rm u la tio n s  used  by Luckham p ro b ab ly  d i f f e r e d  from th o se  
used  in  th e  ELISA c u v e t te s .  C onsequen tly  t h i s  experim en t was no t 
r e p e a te d .
d .  T i t r a t i o n  o f  T4 a g a in s t  sheep a n t i-T 4  and norm al sheep serum
The r e s u l t s  shown in  f ig u r e  39 show t h a t  a lth o u g h  th e re  
a p p e a rs  to  be a  re sp o n se  betw een th e  sheep  a n t i—T4 a n tise ru m  and th e  
a n t ig e n ,  a  s im i la r  re sp o n se  i s  a ls o  observed  in  th e  absence o f  T4 
su g g e s tin g  t h a t  e i t h e r  th e  g lu ta ra ld e h y d e  o r  th e  DMp/water s o lu t io n s  
m o d ified  th e  p o ly s ty re n e  s u r f a c e ,  and a llow ed  n o n - s p e c if ic  u p tak e  o f  
r e a c t a n t s .
e .  Com parison o f  T4/D 8A (EDC) and T4/BSA (DMA) t i t r a t i o n s  u s in g  
sheep  a n ti-T 4  a n tise ru m
The re sp o n se s  o b ta in e d  from  th e  T4/B 8A p r e p a r a t io n s  a t  v a ry in g  
d i l u t i o n s  a re  shown in  f ig u r e  4 0 . The ab so rb an ces  o b ta in e d  u s in g  th e  
EDC m ed iated  p r e p a ra t io n  a s  a n t ig e n  were h ig h e r  a t  a l l  d i l u t i o n s  ex ce p t 
1 :1 0 ^ . Normal sheep serum was n o t a ssay ed  in  t h i s  ex p e rim en t. However, 
a  s e p a ra te  experim en t su g g es ted  t h a t  th e  d i f f e r e n c e s  betw een th e  two 
t i t r a t i o n  cu rv es  were n o t due to  d i f f e r e n c e s  in  n o n - s p e c if ic  b in d in g .
T4/B 8A (EDO) was used  in  f u tu r e  e x p e rim e n ts . No f u r th e r  
in v e s t ig a t io n s  were perform ed  w ith  th e  DMA m ediated  p r e p a r a t io n .
f . Comparison o f  T4/BSA (EDC) and T4/SPLL t i t r a t i o n s ,  u s in g  sheep 
a n t i-T 4  an tise ru m  and norm al sheep  serum
F ig u re  41 shows th e  com parison  o f  t i t r a t i o n  c u rv e s  f o r  T4/BSA 
(EDC) and T4/ 8PLL. S im ila r  ab so rb an ces  w ere observed  f o r  b o th  
a n t ig e n s  w ith  th e  sheep a n t i —T4 a n t is e ru m , ex ce p t t h a t  th e  ab so rb an ces  
a t  a n t ig e n  d i l u t i o n  1 :100 were h ig h e r  in  th e  T4/SPLL c u rv e . There
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F ig u re  39
T i t r a t i o n  o f  T4 a s  a n t ig e n  in  g lu ta ra ld e h y d e  a c t iv a t e d  c u v e t te s  
a g a in s t  f ix e d  d i l u t i o n s  o f  sheep a n t i-T 4  a n tis e ru m  and A SP-Shlg.
The (+) l i n e  r e p r e s e n ts  ab so rb an ces  o b ta in e d  in  th e  p re se n c e  o f  T4 , 
th e  (—) l i n e  r e p re s e n ts  th e  ab so rb an ces  o b ta in e d  in  th e  c o rre sp o n d in g  
c u v e t te s  b u t w ith o u t th e  a d d i t io n  o f T4.
The means o f  th e  d u p l ic a te  r e s u l t s  were jo in e d  by s t r a i g h t  
l i n e s .  T h is  exq)er im en t was perform ed w ith  B atch  I  c u v e t te s  ( s e e  m a te r ia ls  
s e c t io n ) .
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F ig u re  40
T i t r a t i o n  o f  T4/B 8A (EDC) and T4/BSA (DM) a g a in s t  
f ix e d  d i l u t i o n s  o f  sheep a n t i—T4 a n tis e ru m  and A SP-Shlg, a s  
d e s c r ib e d  in  th e  t e x t .
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F ig u re  41
T i t r a t i o n  o f  T4/SPLL and T4/BSA (EDO) a g a in s t  f ix e d  d i l u t i o n s  
o f  sheep an ti~ T 4  an tise ru m  (+) and norm al sheep serum ( - ) ,  and o f  
ASP-ShIg,, a s  d e s c r ib e d  in  th e  t e x t .
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w as, how ever, a  marked d if f e r e n c e  betw een th e  re sp o n se s  o b ta in e d  from  
th e  norm al sheep serum . With T4/SPLL a s  a n t ig e n ,  p ro g re s s iv e ly  h ig h e r  
a b so rb an ces  were observed  as  th e  a n t ig e n  d i l u t i o n  d e c re a se d . T h is 
e f f e c t  was observed  in  th e  ELISA system  f o r  a n t i - th y r o g lo b u l in  
a u to a n tib o d ie s  (see  C hap ter 3 ) .  W ith T4/BSA (EDO) a s  th e  a n t ig e n ,  
t h i s  re sp o n se  was n o t o b se rv ed .
g . Com parison o f  sheep  a n t i —T4 a n tis e ru m  re sp o n se s  to  BSA and SPLL
The abso rbance  shown in  f ig u r e  42 in d ic a te d  th a t  no dose— 
d ependan t resp o n se  o f  sheep a n t i —T4 a n tise ru m  to  e i t h e r  BSA o r  SPLL 
had o c c u rre d ,
h .  Comparison o f  T4/BSA (EDC) and T4 SPLL t i t r a t i o n s  u s in g  human
THBA p o s i t iv e  and n e g a tiv e  serum sam ples
A dequate d i f f e r e n t i a t i o n  o f  p o s i t i v e  and n e g a t iv e  THBA 
re sp o n se s  was observed  w ith  bo th  a n t ig e n  p r e p a ra t io n s  ( f ig u r e s  43 
and 4 4 ) ,  a t  a n t ig e n  d i l u t i o n s  low er th a n  1 :1 0 ^ .
I t  shou ld  be n o ted  t h a t  in  th e  t i t r a t i o n  shown in  f ig u r e  43» 
th e  THBA p o s i t iv e  serum (BR) was u sed  a t  a  d i l u t i o n  o f  1 :2  x  10^, 
w hereas in  th e  t i t r a t i o n  shown in  f ig u r e  4 4 , th e  serum d i l u t i o n  was 
1:1000.
The re sp o n se s  observed  f o r  th e  THBA-negative serum were 
s im i la r  to  th o se  observ ed  w ith  norm al sheep  serum ( s e c t io n  3 f)#
i .  E f f e c ts  o f  h e a t tre a tm e n t on t e s t  serum
The e f f e c t s  o f  h e a t tre a tm e n t on th e  f i n a l  ELISA a b so rb an ces
u s in g  T4/BSA (EDC) and T4/SPLL a s  a n t ig e n s  a re  shown in  f ig u r e s  45 
and 4 6 .  A marked p o s i t i v e  re sp o n se  was observed  in  a l l  c a s e s  w ith  
h e a t - t r e a t e d  serum sam ples w ith  T4/SPLL a s  a n t ig e n .
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ELISA
M 9 2
0 .7 -
BSA
0 . 5- SPLL
0 .4 -
0 .3 -
0 . 2 -
0 . 1“
61 3 54 72 N
D ilu t io n  o f  BSA and SPLL 
w here d i l u t i o n  = 1 :10^
F ig u re  42
T i t r a t i o n  o f  BSA and SPLL a g a in s t  f ix e d  d i l u t i o n  
o f  sheep  a n t i-T 4  a n tis e ru m  and A SP-Shlg, a s  d e s c r ib e d  in  
th e  t e x t .
The means o f  th e  c lo s e s t  two o f  th e  t r i p l i c a t e  
r e s u l t s  were jo in e d  by s t r a i g h t  l i n e s .  T h is  experim en t 
was perform ed  w ith  B atch 1 c u v e t te s  (se e  m a te r ia ls  s e c t io n )
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ELISA
^492
0.8  -
0.6  -
0 .4  '
0 .2  -
6 N4 531 2
D ilu t io n  o f  T4/SPLL 
where d i l u t i o n  = 1 :10^
F ig u re  43
T i t r a t i o n  o f  T4/SPLL a g a in s t  f ix e d  d i l u t i o n s  o f  
human p o s i t i v e  re fe re n c e  serum (BR) (+) and norm al human 
serum ( ~ ) , and o f  ASP-hIgG, a s  d e s c r ib e d  in  th e  t e x t .
ELISA
A492
220
0,6  “
6 N3 42 5
D ilu t io n  o f  T4/BSA (EDO) 
where d i l u t i o n  = 1 :10^
F ig u re  44
T i t r a t i o n  o f  T4/BSA (EDO) a g a in s t  f ix e d  d i l u t i o n s  
o f  human p o s i t i v e  r e fe re n c e  serum (BR) (+) and norm al 
human serum (—) ,  and o f  ASP-hIgG, as  d e s c r ib e d  in  th e  t e x t ,
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ELISA
T4/SPLL
2 . 0 -
2 . 0 -
2 . 0 -
2 . 0 -
2 . 0 "
5 N3 4
T4/BSA (EDO)
"f"
- r ----------
"T
5 N
MA
HI
RA
AI
RG
A n tig en  d i l u t i o n  where d i l u t i o n  = 1 :10 N
E f f e c ts  o f  h e a t t r e a tm e n t on r e a c t io n  o f  THBA n e g a tiv e  
serum sam ples w ith  v a ry in g  d i l u t i o n s  o f  T4/SPLL and T4/B 8A (EDO), 
a s  m on ito red  hy f i n a l  ELISA a b so rb a n c e .
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ELISA
2 . 0 -
1 . 0-
2 . 0-
1 . 0 -
2 . 0-
1 . 0-
543 N
D ilu t io n  o f  T4/SPLL 
where d i l u t i o n  = 1 :1 0
MA ( in a c t iv a te d )
MA (u n in a c t iv a te d )
RG ( in a c t iv a te d )
RG (u n in a c t iv a te d )
F ig u re  46
Comparison o f  f i n a l  ELISA a b so rb an ces  o b ta in e d  on r e a c t in g  
in a c t iv a te d  and u n in a c t iv a te d  THBA n e g a t iv e  serum sam ples w ith  
T4/SPLL, a s  d e s c r ib e d  in  th e  t e x t .
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Discussion
T his s e c t io n  o f  work was d es ig n ed  p r im a r i ly  to  e v a lu a te  th e  
u se  o f  d i f f e r e n t  a n t ig e n s  in  an ELISA system  f o r  th e  d e te c t io n  o f  
THBA, A su p p ly  o f  ASP c o n ju g a te s  was r e q u ire d  to  c o n tin u e  t h i s  s tu d y , 
and was p re p a re d  and t e s t e d  d u r in g  t h i s  p a r t  o f  th e  study*
The tw o -s te p  g lu ta ra ld e h y d e  c o n ju g a tio n  method i s  w e ll 
e s t a b l i s h e d ,  and does n o t r e q u ir e  comment h e r e .  The ex p erim en ts  
perfo rm ed  su g g es ted  t h a t  th e  p r e p a ra t io n s  c o n ta in e d  u n co n ju g a ted  
enzyme, b u t l i t t l e  i f  any u n co n ju g a ted  a n tib o d y , a g re e in g  w ith  p re v io u s  
f in d in g s  (2 0 3 ) . I t  was d ec id ed  t h a t  a l l  rem a in in g  e x p e r im e n ta tio n  
in  t h i s  and subsequen t c h a p te rs  would be s ta n d a rd is e d  in  te rm s o f  th e  
ASP d i l u t i o n  ( l ;1 0 ^ )  to  e l im in a te  t h i s  so u rce  o f  v a r ia t io n *
I n v e s t ig a t io n  o f  th e  use o f  ANS su g g es ted  t h a t  i t s  p re sen ce  
was n o t n e c e ssa ry  in  th e  ELISA system  f o r  THBA. T h is  f in d in g  i s  
d i f f i c u l t  to  e x p la in .  I n h ib i t io n  o f  TBG b in d in g  o f  T4 i s  n e c e s s a ry  
in  rad io im m unoassays, and ANS i s  commonly used  f o r  t h i s  purpose* ANS 
i n h i b i t s  TBG b in d in g  o f  T4, w h i ls t  a n tib o d y  b in d in g  o f  T4 i s  r e l a t i v e l y  
u n a f fe c te d  (59> 6 7 , 2 0 2 ). Im m o b ilisa tio n  o f  T4 may r e s t r i c t  i t s  
b in d in g  to  TBG w h i ls t  s t i l l  a llo w in g  i t  to  b in d  to  a n t ib o d ie s *
However, s in c e  TBG h as been  shown to  b in d  to  d i io d in a te d  p heno l g roups 
( 204 ) ,  and a s  d is c u s s e d  p r e v io u s ly ,  t h i s  group i s  a l s o  l i k e l y  to  be 
a  p redom inan t a n t ig e n ic  d e te rm in a n t f o r  THBA, im m o b ilis a tio n  o f  T4 
sh o u ld  n o t a f f e c t  i t s  b in d in g  to  TBG w ith o u t a f f e c t i n g  th e  THBA b in d in g *  
ANS was n o t u sed  in  th e  rem a in in g  work in  t h i s  c h a p te r .
However, a s  a  p r e c a u t io n a ry  m easu re , i t  was d ec id ed  to  in c lu d e  ANS in  
th e  c l i n i c a l  s tu d ie s  p re s e n te d  in  C h ap te r 8 ,  a t  a  c o n c e n tra t io n  
e q u iv a le n t  to  t h a t  u sed  in  radioim m unoassays f o r  T4 and T3 w ith o u t 
e x t r a c t io n  o f  th e  serum*
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The u n s u i t a b i l i t y  o f  u n co n ju g a ted  T4 a s  a n t ig e n  in  th e  ELISA 
system  was d em o n stra ted , w ith  and w ith o u t g lu ta ra ld e h y d e  tre a tm e n t 
o f th e  p o ly s ty re n e  m a tr ix .  The so lv e n t used  to  d is s o lv e  T4 (DI4F) 
caused  sev e re  f r o s t i n g  o f  th e  p o ly s ty re n e  s u r f a c e .  A lthough t h i s  
e f f e c t  was m inim ised by w ashing th e  c u v e t te s  in  ru n n in g  w a te r ,  non- 
v i s i b l e  changes in  th e  p o ly s ty re n e  m a tr ix  may have been a t  l e a s t  p a r t l y  
r e s p o n s ib le  f o r  th e  r e s u l t s  o b se rv ed . A f u r th e r  re a so n  may be th e  
n e c e s s i ty  f o r  l ig a n d s  to  be i s o la te d  s p a t i a l l y  from th e  m a tr ix  on w hich 
th e y  a re  im m obilised  ( 205) ,  in  o rd e r  to  f a c i l i t a t e  a c c e s s  by t h e i r  
com plem entary m acrom olecule . G lu ta ra ld eh y d e  tre a tm e n t o f  p r o te in s  
p r io r  to  im m o b ilis a tio n , and o f  p o ly s ty re n e  tu b e s  ( p r e t r e a te d  w ith  
lo n g  c h a in  a l i p h a t i c  p rim ary  amine o r  d ia m in e ) , have been re p o r te d  
( 147) .  D isc u ss io n s  w ith  D r. A l i s t a i r  V o i le r ,  I n s t i t u t e  o f  C om paritive  
P h y s io lo g y , London, su g g es ted  t h a t  g lu ta ra ld e h y d e  tre a tm e n t o f 
p o ly s ty re n e  was o f  l i t t l e  o r  no v a lu e  in  ELISA. However, a  m od ified  
ELISA p ro ced u re  f o r  a n t i - h a p te n  a n t ib o d ie s  was r e c e n t ly  r e p o r te d  by 
S u te r  ( 206) ,  who su g g es ted  th a t  such tre a tm e n t enhanced an ELISA 
re sp o n se  to  o -d in itro c a rb a n y p h e n o l when i t  was coup led  to  diam inohexane 
and im m obilised  on g lu ta r a ld e h y d e - t r e a te d  p o ly s ty r e n e ,  compared to  a  
system  in  which o-DNCP was coupled  to  BSA o r  p o ly - l - l y s in e  and p a s s iv e ly  
im m o b ilised .
In  co u p lin g  T4 to  BSA, th e  u se  o f  th e  6 ca rb o n  sp a c e r  g ro u p in g  
a f fo rd e d  by DMA shou ld  be advan tageous in  th e  ELISA sy stem , b u t th e  
r e s u l t s  o b ta in ed  in  t h i s  s tu d y  showed a  s u p e r io r  re sp o n se  u s in g  EDC a s  
th e  c o u p lin g  a g e n t .  I t  was co n s id e re d  th a t  t h i s  m ight be due to  
c o n fo rm a tio n a l changes in  th e  DM ca rb o n  s k e le to n  d u r in g  th e  c o n ju g a tio n  
p ro c e d u re , re d u c in g  th e  u s e fu ln e s s  o f  t h i s  compound a s  a  s p a c e r .
225
The t i t r a t i o n  c u rv e s  o f  T4/BSA (EDO) and T4/SPLL showed 
s im i la r  c h a r a c t e r i s t i c s  w ith  r e s p e c t  to  th e  sheep a n t i-T 4  a n tis e ru m . 
However, a  s l i g h t  p o s i t i v e  re sp o n se  was o b ta in e d  w ith  norm al sheep 
serum  in  th e  T4/SPLL system , and a ls o  w ith  norm al human serum 
( i e .  THBA n e g a tiv e  serum ). H eat tr e a tm e n t o f  th e  serum was observed  
to  enhance t h i s  e f f e c t ,  w hich was n o t observed  w ith  T4/B 8A (EDO) 
a n t ig e n .  L a te r  work h as  su g g es ted  t h a t  th e  e f f e c t  was n o t p re s e n t  
w ith  SPLL.
The most l i k e l y  e x p la n a tio n  o f  t h i s  phenomenon i s  th e  
f o r t u i t o u s  b in d in g  o f  " s t ic k y "  IgG a g g re g a te s ,  form ed by  th e  h e a t 
t r e a tm e n t ,  to  T4/SPLL. R ecent f u r th e r  s tu d ie s  have su g g e s te d  th a t  
th e  e f f e c t  i s  n o t due to  th e  p re sen ce  o f  f r e e  a c t iv a te d  s u c c in y l 
g roups on th e  SPLL,
Sheep a n t i-T 4  a n tise ru m  d id  n o t show a  re sp o n se  to  e i t h e r  
SPLL o r  BSA. The a n tis e ru m  used  in  t h i s  s tu d y  was r a i s e d  a g a in s t  a  
T4-human serum album in  c o n ju g a te .  Thus i t  would n o t be ex p ec ted  to  
resp o n d  to  BSA on th e  grounds o f  s p e c ie s  s p e c i f i c i t y .  J e f f c o a te  ( 207 ) 
h as  su g g es ted  t h a t  a n t i s e r a  r a i s e d  to  h a p te n /a lb u m in  c o n ju g a te s  do 
n o t r e a c t  w ith  th e  c a r r i e r  p r o te i n s ,  p ro b a b ly  because  o f  changes in  
th e  s t r u c tu r e  o f  th e  p r o te in  d u r in g  c o n ju g a tio n  p ro c e d u re s .
The r e a c t io n s  o f  T4/BSA (EDO) and T4 SPLL a g a in s t  th e  human 
THBA p o s i t i v e  serum su g g es ted  t h a t  th e  T4/SPLL a n t ig e n  was s u p e r io r  
to  th e  T4/BSA (EDC), s in c e  s im i la r  re sp o n se s  were o b ta in e d  in  b o th  
sy s tem s , d e s p i te  a  20- f o l d  d i f f e r e n c e  in  serum d i l u t i o n s .
These r e s u l t s  su g g es t e i t h e r  t h a t  s u c c in y la t io n  o f  th e  
p o ly - l - ly s in e  i s  n o t t o t a l ,  o r  t h a t  n o t a l l  s u c c in y l g roups a re  
co n ju g a te d  to  T4. (Com plete s u c c in y la t io n  o f  th e  m o lecu le  and a  
h ig h  d eg ree  o f  c o n ju g a tio n  would red u ce  th e  u s e fu ln e s s  o f  th e
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s u c c in y l  re s id u e  a s  a  s p a c e r  group and red u ce  th e  e f f i c i e n c y  o f  
th e  a n t ig e n /a n t ib o d y  r e a c t io n . )  S u c c in y la tio n  o f  r a b b i t  serum 
album in  p r io r  to  c o n ju g a tio n  w ith  h a p te n  h as  been shown to  be 
ad van tageous in  th e  fo rm a tio n  o f  h a p te n a te d  sheep re d  b lo o d  c e l l s ,  
and in  th e  re sp o n se s  o b ta in e d  w ith  such c e l l s  in  h a em o ly tic  a ssa y s
(208).
The BSA and SPLL c o n c e n tr a t io n s  a t  w hich optimum re sp o n se s  
w ere o b ta in e d  w ith  T4/BSA (EDO) and T4/SPLL may be c a l c u la te d ,  
assum ing  no lo s s e s  o f  BSA o r  SPLL d u r in g  o r  a f t e r  th e  c o n ju g a tio n  
p ro c e d u re s .
The c o n c e n tra t io n s  o f  BSA and SPLL a t  a n t ig e n  d i l u t i o n  
1:1000 were 1 ,25^g /n il and 1,14pg/m l r e s p e c t iv e ly .  These f in d in g s  
a g re e  w ith  p re v io u s  f in d in g s  t h a t  optimum ELISA re sp o n se s  may be 
ach iev ed  w ith  a n t ig e n  ( p r o te in )  c o n c e n tra t io n s  in  th e  ran g e  l-IO iig /m l 
( 136 , 145)* However th e  c o n c e n tra t io n  o f  T4 a n t ig e n  may n o t be 
a c c u r a te ly  r e f l e c t e d  by th e  c a r r i e r  p r o te in  c o n c e n tr a t io n .
The s tu d ie s  p re s e n te d  h e re  su g g e s t t h a t  an ELISA system  can 
be u sed  to  d e te c t  THBA. T4/SPLL was s e le c te d  a s  th e  a n t ig e n  f o r  
f u tu r e  u s e ,  on th e  b a s is  o f  th e  s u p e r io r  ELISA re sp o n se  o b ta in e d  
compared, to  t h a t  o b ta in e d  w ith  T4/BSA (EDO). The r e p o r te d  h ig h  
fre q u e n c y  o f  n a t u r a l l y  o c c u rr in g  a n t ib o d ie s  to  BSA (IO 9 ) w hich m ight 
i n t e r f e r e  in  th e  a s s a y  system  a ls o  e x c lu d e s  th e  u se  o f  T4/BSA (EDO) 
c o n ju g a te  n o tw ith s ta n d in g  th e  su g g e s tio n  o f  J e f f c o a te  (2 0 ? ) t h a t  
h a p te n  co n ju g a ted  album in i s  a n t ig e n ic a l l y  d i f f e r e n t  to  p h y s io lo g ic a l  
serum album in .
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I t  was n o te d , how ever, t h a t  a  s l i g h t  p o s i t i v e  re sp o n se  was 
o b se rv ed  w ith  T4/SPLL a n t ig e n  and serum  sam ples n e g a t iv e  f o r  THBA, 
and t h a t  th e  use  o f  h e a t - t r e a t e d  serum sam ples shou ld  be a v o id e d .
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CHAPTER V II
THE DETECTION OP THYROID HORMONE BINDING 
AUTOANTIBODIES USING ELISA 
( i i )  ANTIGEN PREPARATIONS (TRIIODOTHYRONINE) 
AND ASSAY CONDITIONS
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INTRODUCTION
T h is  c h a p te r  sum m arises th e  r e s u l t s  o f  ex p erim en ts  perform ed 
to  d e te rm in e  th e  optimum p r e s e n ta t io n  o f  T3, th e  a s s a y  c o n d i t io n s ,  
and th e  e f f ic a c y  o f  an a lk a l in e  p h o sp h a ta se /a n tib o d y  c o n ju g a te ,  in  
th e  d e m o n s tra tio n  o f  THBA,
The work was perform ed by Mr. A.C. Povey in  p a r t i a l  f u l f i l lm e n t  
o f  th e  re q u ire m e n ts  f o r  th e  d eg ree  o f  M .Sc. in  C l in ic a l  B io c h em istry  
a t  th e  U n iv e r s i ty  o f  S u rrey  ( 209 ) ,  and was c a r r ie d  o u t u n d er my 
s u p e rv is io n  and g u id a n c e . The r e s u l t s ,  and c o n c lu s io n s  from  the . 
r e s u l t s ,  w i l l  be p re s e n te d  in  o u t l in e  in  o rd e r  to  d em o n stra te  th e  
a s s a y  c o n d it io n s  w hich were s e le c te d  f o r  th e  c l i n i c a l  s tu d y  p re s e n te d  
in  C hap ter 8 ,
M a te r ia ls  and methods w i l l  n o t be d e s c r ib e d  in  d e t a i l  h e re :  
in  g e n e ra l  th e y  a re  th e  same a s  th o s e  p re s e n te d  in  p re v io u s  c h a p te r s .  
F ig u re s  d e m o n s tra tin g  r e s u l t s  w i l l  n o t be p re s e n te d .
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1 ) ANTIGEN RELATED VARIABLES
T3 was c o n ju g a ted  to  Bovine serum album in (BSA) and 
s u c c in y la te d  p o ly - l - ly s in e  (SPLL) by v a r i a n t s  o f  th e  m ethods o f  
Burke and S hakespear (194) and G harib  e t  a l .  ( 87 ) .  The fo rm er 
m ethod, w hich was s im i la r  to  th a t  p re s e n te d  in  C hap ter 6 f o r  
c o n ju g a tio n  o f  T4 to  BSA ( i e ,  "EDC" method) was found to  g iv e  th e  
most e f f i c i e n t  c o n ju g a tio n  a s  m on ito red  by th e  ELISA p ro c e d u re . The 
maximum ELISA re sp o n se  o b ta in e d  on t i t r a t i n g  T3/SPLL a g a in s t  f ix e d  
d i l u t i o n s  o f  sheep a n t i -T 3  a n tis e ru m , norm al sheep serum and enzym e/ 
a n tib o d y  co n ju g a te  was ap p ro x im a te ly  doub le  th a t  o b ta in e d  u s in g  
T3/bSA a s  th e  a n t ig e n .  The maximum resp o n se  was o b ta in e d  w ith  
a n t ig e n  d i l u t i o n s  o f  1 :1000 f o r  b o th  T3/bSA and T3/SPLL, These 
r e s u l t s  su g g ested  t h a t  th e  T 3 :p ro te in  in c o rp o ra t io n  r a t i o  was h ig h e r  
f o r  T3/SPLL th a n  f o r  T3/BSA.
H igher f i n a l  ab so rb an ces  were o b ta in e d  when b ic a r b o n a te /  
c a rb o n a te  b u f f e r  (pH 9 , 6 )  was used  as  th e  a n t ig e n  im m o b ilis a tio n  
b u f f e r  th a n  when e i t h e r  PBS (pH 7 * 0  o r  c i t r a te /p h o s p h a te  b u f f e r  
(pH 5 . 0 ) were u se d , a g re e in g  w ith  p re v io u s  f in d in g s  t h a t  a n t ig e n  i s  
ad so rb ed  b e s t  a t  h ig h  pH ( I 36 ) .
I n v e s t ig a t io n  o f  th e  a n t ig e n  im m o b ilis a tio n  tim e co u rse  
su g g e s te d  t h a t  e q u i l ib r iu m  had been re a c h e d , f o r  b o th  th e  T3/BSA 
and T3/SPLL p r e p a r a t io n s ,  a t  2 h o u rs .
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2 . ANTIBODY RELATED VARIABLES
In  t h i s  s tu d y , two h e te ro lo g o u s  a n t i s e r a  a g a in s t  T3 were 
t e s t e d .  The f i r s t  was o b ta in e d  from  th e  S c o t t is h  A ntibody P ro d u c tio n  
U n it (SAPU), and was r a i s e d  a g a in s t  a  T3/Human serum album in c o n ju g a te . 
The second was o b ta in e d  from  G uildhay  A n t is e r a ,  and was r a i s e d  a g a in s t  
a  T3/B ov ine  serum album in  c o n ju g a te . Both a n t i s e r a  were t e s t e d  
a g a in s t  BSA a s  a n t ig e n ,  and th e  r e s u l t s  su g g es ted  t h a t  th e  G uildhay  
a n tis e ru m  had r e a c te d  w ith  BSA a n t ig e n ,  w hereas th e  SAPU a n tise ru m  
showed no r e a c t io n .  These r e s u l t s  c o n f l i c t  w ith  th e  su g g e s tio n  o f 
J e f f c o a t e  (20?) t h a t  a n t i s e r a  r a i s e d  to  p ro te in /h a p te n  c o n ju g a te s  
do n o t re c o g n ise  th e  c a r r i e r  p r o t e i n ,  and su g g es ted  t h a t  th e  use  o f  
T3/bSA f o r  th e  d e te c t io n  o f  THBA m ight g iv e  r i s e  to  f a l s e  p o s i t iv e  
r e s u l t s  due to  r e a c t io n  o f  a n t i —bovine serum album in a n t ib o d ie s  ( 109) 
w ith  th e  c a r r i e r  p r o te i n .  No t e s t s  w ere made on th e  r e a c t io n  o f  
th e  a n t i s e r a  w ith  SPLL, No f u r th e r  t e s t s  were perform ed  w ith  th e  
G uildhay  a n ti-T 3  a n tis e ru m .
T i t r a t i o n  o f  th e  SAPU a n t i —T3 a n tise ru m  and norm al sheep 
serum a g a in s t  f ix e d  d i l u t i o n s  o f a n t ig e n  and enzym e/an tibody  
c o n ju g a te  showed ad eq u a te  re sp o n se s  a t  an tise ru m  d i l u t i o n s  1:500  
and 1 :1 0 0 0 , and a  g ra d u a l d e c re a se  i n  f i n a l  ab so rb an ces  a s  th e  
a n tis e ru m  d i l u t i o n  was in c re a se d  to  1 :2000 and 1 :4000 , The a n tis e ru m  
was u sed  in  su b seq u en t exp erim en ts  a t  a  d i l u t i o n  o f  1 :1000 .
In v e s t ig a t io n  o f  th e  tim e c o u rse  o f  th e  t e s t  a n t ib o d y /a n t ig e n  
r e a c t io n  su g g ested  th a t  e q u ilib r iu m  was reach ed  w ith in  0 ,5  h o u rs .
L i t t l e  change was observed  in  th e  f i n a l  ab so rb an ces  betw een 0 .5  and 
4 h o u rs  in c u b a tio n . In  subsequen t in v e s t ig a t io n s  t h i s  in c u b a tio n  
p e r io d  was s e t  a t  2 h o u rs  to  avo id  any in p r e c is io n  w hich m ight r e s u l t  
from  s h o r t  in c u b a tio n  p e r io d s  ( 153) ,
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3 .  enzyme/ antibody conugate related variables
A lk a lin e  p h o sp h a tase  (con jugate  s b f  donkey a n t i- s h e e p  
im m unoglobulin , and o f  r a b b i t  an ti-hum an  IgG a n t i s e r a  were p rep a red  
by th e  o n e -s te p  g lu ta ra ld e h y d e  method (1 3 6 , 1 4 4 ), Chrom atography 
o f  th e  a lk a l in e  p h o sp h a tase /d o n k ey  a n t i —sheep Ig  a n tis e ru m  c o n ju g a te  
on S ep h acry l S-300 s u p e r f in e  su g g es ted  th a t  f r e e  enzyme was p r e s e n t .
On u s in g  a  lo n g e r  in c u b a tio n  tim e f o r  th e  p r e p a r a t io n  o f  th e  a lk a l in e  
p h o s p h a ta s e / r a b b it  an ti-hum an  IgG a n tis e ru m  c o n ju g a te ,  f r e e  enzyme 
was n o t d e te c te d ,  a f t e r  chrom atography o f  th e  conijugate*
p -N itro p h e n o l phosphate  was used  a s  s u b s t r a te  in  th e  enzyme 
m ed ia ted  c o lo u r  r e a c t io n .  A y e llo w  p ro d u c t ,  p - n i t r o p h e n o l ,  was 
fo rm ed , and th e  abso rbance  read  a t  405nm a f t e r  th e  r e a c t io n  had been  
te rm in a te d  and th e  c o lo u r  i n t e n s i f i e d  by th e  a d d i t io n  o f  Sodium 
H ydrox ide .
T i t r a t i o n  o f  th e  a lk a l in e  p h o sp h a tase /d o n k ey  a n t i - s h e e p  Ig  
a n tis e ru m  c o n ju g a te  a g a in s t  f ix e d  d i l u t i o n s  o f  a n t ig e n  sheep a n t i-T 3  
a n tis e ru m  and norm al sheep serum showed a  d e c re a s in g  re sp o n se  w ith  
in c r e a s in g  c o n ju g a te  d i l u t i o n ,  betw een 1 :200 and 1 :6 4 0 0 , In  su b seq u en t 
e x p e rim e n ts , a  d i l u t i o n  o f  1:1000 was u s e d . The h ig h e r  d i l u t i o n  a t  
w hich th e  p e ro x id a se  c o n ju g a te s  co u ld  be u sed  (s e e  C hap ter 6) compared 
w ith  th e  a lk a l in e  p h o sp h a tase  c o n ju g a te s  i s  p ro b a b ly  a  r e f l e c t i o n  o f  
th e  q u a n t i t i e s  o f  enzyme and a n tib o d y  u sed  in  th e  d i f f e r e n t  c o n ju g a tio n  
p ro c e d u re s ,  and th e  f i n a l  volum es o f  th e  s to c k  c o n ju g a te  s o lu t io n s .
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I n v e s t ig a t io n  o f  th e  tim e co u rse  o f  th e  enzym e-an tihody  
c o n ju g a te / te s t  a n tib o d y  r e a c t io n  showed an in c re a s e  in  ab so rb an ces  
w ith  in c re a s in g  t im e , betw een 0 .5  a rd  2 h o u rs . In  su b sequen t e x p e r im e n ts , 
t h i s  r e a c t io n  p e r io d  was m a in ta in ed  a t  2 h o u rs .
4 .  WASH PROCEDURES
H igher background ab so rb an ces  w ere observed  w ith  th e  a lk a l in e  
p h o sp h a ta se  c o n ju g a te s  th a n  w ith  th e  h o r s e - r a d is h  p e ro x id a se  
c o n ju g a te s .  I t  was co n s id e re d  t h a t  t h i s  in c re a s e  m ight be due to  
n o n - s p e c if ic  b in d in g  o f  th e  a lk a l in e  p h o sp h a tase  c o n ju g a te .  To 
a t te m p t to  reduce  th e  background ab so rbance  by re d u c in g  th e  non­
s p e c i f i c  b in d in g , g e l a t i n  a t  a  c o n c e n tra t io n  o f  0 .5  g / l  was added to  
th e  PBS/Tween wash b u f f e r .  No re d u c t io n  in  background abso rbance 
was n o te d , and th e  u se  o f  g e l a t i n  was c o n se q u e n tly  d is c o n t in u e d .
P hosphate  was o m itte d  from th e  wash s o lu t io n  in  an  a tte m p t 
to  in c re a s e  th e  s e n s i t i v i t y  o f  th e  r e a c t io n  (p h o sp h a te  i s  an  i n h i b i t o r  
o f  a lk a l in e  p h o sp h a tase  a c t i v i t y )  (1 5 3 ) . No change in  th e  re sp o n se  
o f  e i t h e r  th e  p o s i t i v e  o r  n e g a tiv e  s e r a  was n o te d ; how ever, th e  u se  
o f  s a l in e / tw e e n  was c o n tin u ed  f o r  th e  c l i n i c a l  s tu d ie s  o f  T3 b in d in g  
a u to a n t ib o d ie s .  PBS/Tween was used  f o r  t h a t  p a r t  o f  th e  s tu d y  
concerned  w ith  T4 b in d in g  a u to a n t ib o d ie s .
5 . STUDIES WITH HUIdAN THBA POSITIVE SERUM (BR)
T i t r a t i o n  o f  th e  p o s i t iv e  r e f e r e n c e  serum and a  n e g a tiv e  
re fe re n c e  serum a g a in s t  f ix e d  d i l u t i o n s  o f  T3/BSA and a lk a l in e  
p h o s p h a ta s e /r a b b it  an ti-hum an  IgG a n tise ru m  c o n ju g a te  showed some
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d i f f e r e n t i a t i o n  o f  p o s i t i v e  and n e g a t iv e  re s p o n s e s ,  w ith  th e  p o s i t iv e  
to  n e g a t iv e  re sp o n se  r a t i o  b e in g  2 .2  a t  serum d i l u t i o n  1 :1 0 0 0 , and
2 .4  a t  serum d i l u t i o n  1 :1 0 ^ . T i t r a t i o n  o f  TS/bSA a n t ig e n  a g a in s t  
f ix e d  d i l u t i o n s  o f  th e  THBA p o s i t i v e  and n e g a tiv e  s e r a ,  and o f  
enzym e/an tibody  c o n ju g a te ,  d em o n stra ted  a  s l i g h t  in c re a s e  in  
ab so rb an ce  from  th e  THBA n e g a tiv e  serum w ith  in c r e a s in g  a n t ig e n  
d i l u t i o n ,  and a  maximum abso rbance  f o r  th e  THBA p o s i t i v e  serum ■ a t  
a n t ig e n  d i l u t i o n  1 :100  ( p o s i t iv e  to  n e g a tiv e  re sp o n se  r a t i o  3 .9 : 1 ) .
At p r o g r e s s iv e ly  h ig h e r  o r  low er d i l u t i o n s  th e re  was a  d e c re a se  in  
f i n a l  ab so rb an ce .
T i t r a t i o n  o f  T3/SPLL a g a in s t  f ix e d  d i l u t i o n s  o f  th e  THBA 
p o s i t i v e  and n e g a tiv e  s e r a ,  and o f  enzym e/an tibody  c o n ju g a te ,  showed 
a  d e c re a se  in  f i n a l  ab so rb an ce , from  b o th  th e  p o s i t i v e  and n e g a tiv e  
s e r a ,  w ith  in c re a s in g  a n t ig e n  d i l u t i o n .  P o s i t iv e  to  n e g a tiv e  
re sp o n se  r a t i o s  were 3*4 — 6 ,0 :1  ( l : 1 0 0 0 ) ,  2 ,7  — 5*4:1 ( 1 :1 0 ^ ) ,  and 
0 .7  -  3 .7 :1  ( l : 1 o 5 ) .  (A n tigen  d i l u t i o n s  a re  shown in  b r a c k e t s ) .
The ran g e  o f  r a t i o s  r e s u l t s  from th e  u se  o f th r e e  n e g a tiv e  s e r a  a t  
each  p o in t .
These re sp o n se s  were o b ta in e d  u s in g  th e  THBA p o s i t i v e  
r e fe re n c e  serum a t  a  d i l u t i o n  o f  1 :2  x 10^, and th e  n e g a tiv e  
r e fe re n c e  serum a t  a  d i l u t i o n  o f  1 :1 0 0 0 .
The n e g a tiv e  re fe re n c e  serum u sed  a t  a  d i l u t i o n  o f  1 :2  x  10"  ^
gave a  resp o n se  a lm o st eq u a l to  t h a t  o f  th e  p o s i t i v e  sample a t  t h a t  
d i l u t i o n ,  w ith  th e  a n t ig e n  d i lu te d  1 :1000 . On in c r e a s in g  th e  a n t ig e n  
d i l u t i o n  to  1 :10^ and 1 :1 0 ^ , th e  re sp o n se  o b ta in e d  from  th e  n e g a t iv e  
r e fe re n c e  serum a t  1 :2  x 10^ d e c re a se d  to  th e  same l e v e l  a s  t h a t
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o b ta in e d  a t  serum d i l u t i o n  1:1000 w ith  th e se  a n t ig e n  d i l u t i o n s .  At 
th e s e  a n t ig e n  d i l u t i o n s  th e  p o s i t iv e  serum s t i l l  gave an e le v a te d  
re s p o n s e .
These r e s u l t s  su g g es ted  t h a t  a t  a  T3/SPLL d i l u t i o n  o f  1 :1000 
th e  re sp o n se  o b ta in e d  from th e  p o s i t i v e  re fe re n c e  serum was no t 
n e c e s s a r i ly  a n t ig e n  r e l a t e d  and th e r e f o r e  n o t n e c e s s a r i ly  due to  th e  
p re se n c e  o f  THBA. However, w ith  th e  a n t ig e n  d i l u te d  1 :10^ o r  1 :1 0 ^ , 
a  c l e a r  d i f f e r e n t i a t i o n  o f  p o s i t iv e  and n e g a tiv e  re sp o n se s  was 
o b se rv e d , when bo th  s e r a  were d i l u t e d  1 :2  x  10^ o r  when th e  p o s i t i v e  
and n e g a tiv e  r e fe re n c e  s e r a  were d i l u t e d  1 :2  x 10^ and 1 :1000 
re s p e c t iv e ly *
The e f f e c t s  o f  h e a t  t r e a tm e n t o f  th e  serum n o te d  in  th e  
p re v io u s  c h a p te r  were a ls o  observed  in  t h i s  s tu d y . C onsequen tly  
use  o f  h e a t - t r e a t e d  serum sam ples was avo ided  in  su b seq u en t s tu d ie s .
Because o f  th e  l im ite d  su p p ly  o f  human TH BA -positive m a te r i a l ,  
i t  was d ec id ed  to  a c c e p t th e s e  f in d in g s ,  and p ro ceed  w ith  th e  c l i n i c a l  
s tu d y ,  d e sc r ib e d  in  C hap ter 8 . In  th e  case  o f  b o th  T4 and T3, SPLL 
was ad op ted  a s  th e  c a r r i e r  p r o te in  to  av o id  th e  p o s s i b i l i t y  o f  
d e t e c t in g  a n t ib o d ie s  to  BSA and because  o f  a  s u p e r io r  re sp o n se  w hich 
i s  o b ta in e d  when u s in g  SPLL a s  th e  c a r r i e r  p r o te i n .
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CHAPTER V II I
THE DETECTION OP THYROID HORMONE BINDING 
AUTOANTIBODIES USING ELISA
( i i i )  CLINICAL STUDIES
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INTRODUCTION
INITIAL PRESENTATION OF PATIENTS DEMONSTRATING THBA
THBA have been  r e p o r te d  in  a number o f  in d iv id u a ls  in c lu d in g  
p a t i e n t s  w ith  a v a r ie ty  o f  th y ro id  d is o r d e r s ,  c l i n i c a l l y  e u th y ro id  
s u b je c t s ,  p a t i e n t s  t r e a te d  w ith  a number o f  d rugs in c lu d in g  Io d in e , 
a n t i th y r o id  d ru g s , th y ro id  hormones and d e s s ic a te d  th y r o id ,  and in  one 
p a t i e n t  a f t e r  thyroidectonQ r. The on ly  s tu d y  w hich su g g e s te d  t h a t  
THBA a re  o f  c lin ic a ljs ig n if ic a n ^ c e ^ -w a s  th a t  o f  K a rlsso n  e t  a l .  (IO4 ) .
No f u r th e r  r e p o r t s  o f  c l i n i c a l l y  s ig n i f i c a n t  THBA have appea red  s in c e  
1978 (e x c lu d in g  th e  o ccu rren ce  o f  in a p p ro p r ia te  T4 a n d /o r  T$ r e s u l t s  
b y R IA .)
A summary o f  th e  i n i t i a l  p r e s e n ta t io n  o f p a t i e n t s  w ith  r e p o r te d  
THBA i s  g iv e n  in  ta b le  XV. . A lso shown in  th e  ta b le  a re  th e  a n t ib o d ie s  ■ 
which were d e te c te d  and an in d ic a t io n  o f th e  p re sen ce  and t i t r e s  o f  
a n t i - th y r o g lo b u l in  and an ti-m ic ro so m a l a u to a n t ib o d ie s .  The ta b le  
sum m arises th e  d a ta  p re se n te d  in  C hap ter 1 , to g e th e r  w ith  d a ta  
re p o r te d  a f t e r  1978.
CLINICAL INVESTIGATION
U sing th e  ELISA c o n d it io n s  e s ta b l i s h e d  in  C h ap te rs  6 and 7, 
a c l i n i c a l  in v e s t ig a t io n  was u n d e rta k en  in to  th e  o ccu rren c e  o f  THBA 
in  a s e r i e s  o f  p a t i e n t s  p re s e n t in g  w ith  a v a r ie ty  o f  th y ro id  d is o rd e r s  
and a s e r i e s  o f  p a t i e n t s  u n d erg o in g  tre a tm e n t f o r  th y ro id  d i s o r d e r s .
In  t h i s  la b o ra to r y ,  tre a tm e n t o f  p a t i e n t s  w ith  th y ro x in e  i s  r o u t in e ly  
m on ito red  by m easu ring  b o th  th e  serum th y ro x in e  and serum th y ro tro p h in  
c o n c e n tra t io n s  (8 2 ) .  O c c a s io n a lly  e le v a te d  TSH r e s u l t s  a re  e n c o u n te re d  
d e s p i te  h ig h  T4 c o n c e n tr a t io n s .  A number o f  p a t i e n t s  showing th e se  
b io ch em ica l c h a r a c t e r i s t i c s  was in c lu d e d  in  th e  i n v e s t ig a t io n .
238
i
Ora
0  
In 
Ü 
•H1
+=
1
•HI
ho
0
1
1
(H
0  
0)
8
<P
t1 
1
Ti
0)■p
uoft
o
u
si
-p
•S
ft
(Ho
§
•H
"S
0
CO
0
uft
rH
0
0
eg •iH
•H d
P o
•H ft
> A •H
% M P
0 §
rH Oft Peg 0eg
o
a
g -
COrH -H
(g M
II
rH *H
o  A
%
(Tn
(Tn
rO
ON
Sro
O
8
R
CJ
fH 0 0 > 
CO H 
-P 
-P -H ra M o o S  ft
+  +  +  +  r +
+ + I I + I
à
s
0
p
d
s
1
k  0
HH XÎ rH
-r- P  O
rO 0  NT- e  eg
i
•H
Ü
s
o
o
g
si
-p __
•H >zi
5  0  
Tg eg
0  O  -H 
P  *H O
0  eg ra H 
E  0  M O A 0 j:) 
CQ P  t J  P
mopo
J
•seg
ft
VO
ft
VO
CVJ
too
•g
•H
•geg
ft
ft
CM
c—
o
bt>5 ft
ft•H rd 
O -H
•H
ft p  ft p  P A P A  O 0 O ©
Sfi l
UN CM LTN
•Ho d
-Î
■ g .&
R -gft ft 
ft
m
ON
.5i
ft
VO
0
0p1
ra
eg
ft
ft
rO
O
I
i
0ft
VO
s
O
p
d
0
"eg
O
•H
Uira
0
A
sp
•H
O
o
ON
0 0 0 0 
>  >  >  >  •H *H ‘H "H
P  P  P  P  eg eg eg 0ho ho ho ho 0 0 0 0 S  ^  S  ^
+ + + +
I I I I
M
O
g
0 I—I
0
1•H
d
O
•H p  
O AA d  A 0 
0 ft 0 d
fSK
VO
ON
g - (JN
ITN
d
'H
01
P
01
©A
P
•H
O
O
CM
VO r -  VO 
CM CM CM
M M X
O  O  O
+ + +
+  I 1
d  d
•H -H
Ii
P  P
f t  f t  
0  0
1g "eg o o
•H rl 
0  0  
0  0  
0 0 
A  A
0 0 0 
C O O  
P  P  P
i i i
•iH "H -H
ft ft ft 
0 0 0 eg eg eg 
ft ft ft
ft ft ft ft ft ft S  ft
VO
m
rO O  CO O  
LfN *ft- CM m
VO VO m 
CM VO m
239
§g
A0
« H
0
«
00
&
O
voo ON o \ O00 CM00 m00 S UN00 vo00 00 ON00 ON
O
m
prH
g
0«
E4
0 0 
■g-g 
ë sd  0 
S  f£
o " %
o C)o >o ■H OCM Pc— ■H CM Oc— UN 0 << T—O O
f t ' - ' T—
g
s  -H
p pp  g 
d  (g 
0 0 
S  A
I
i
ft
UNO
O
§
Oo
gro
VO
8voUN
CM
OO
S
I
l
0ft
I
l
ft
roE4
g
g
roE4ï +
A
I0a
g
•H ’H
% cg
ii
•H H
r*5
P  O
s  A
0
1
•H
Io
ï
po
0
d
k g  g + g
g
ro
M g g
0
I—I "H(g 0  
ü o
•HA ^ 'H tg 
rH *H 
O  A
Sto
00
P1
•H
0
g
I
I
O
Mo
p0
1
ft s
0  •H 
P  0 H
■ggo o
ISCO p
ft
0
1
p
0 0O P 0
P o Ao •H 00 0 E A d0 0 •H eg A> > ft > O(g eg 0 0A A eg O •HO Ü ft CM d
ft ft ft
Aeg 0A o
P 0 p 0d o O Oo p E PA o •H o© E f t EO A 'H 0 •H
•H p f t eg f t
M "H 0 f t 0o p eg egB  ho f t CM f t
ft ft
a
G
ft
I
ft ft
he vo ro t— C3Nro CM r -UN VO
O
VO
ro
UN
ro
CM
VO
CM
240
0
A
0A
«H
0ft
§■ S' oON roON
g
0 0
> î> o
•H •H O
o p P oo eg •H oho 0 ' f t
0 O
T— f t f t
01
g
©ft
B
0 0> >•H •H
o p p Oo eg eg v oho hO
0 0
f t f t T—
a
ro
B
g-
I
I OIftP
0
0rj P  (g 0 O O 
•H
A , 
•H (g 
rH PO A
O
ft
g
ft
f
I
i
I
Q
0
I
é
yui ft ft ft
a ro
CM
O
UN
241
REMOVAL OF ENDOGENOUS THYROID HORj/lOKBS
THBA may be a t  l e a s t  p a r t i a l l y  s a tu r a te d  iji v ivo  by th y ro id  
horm ones. D is s o c ia t io n  o f  th e  a n t ig e n /a n tib o d y  complex m  v i t r o  
sho u ld  f a c i l i t a t e  th e  d e te c t io n  o f THBA. The d i s s o c ia t io n  o f  such 
com plexes by p r e c i p i t a t i o n  w ith  45/^ s a tu r a te d  ammonium s u lp h a te  has 
been  r e p o r te d  ( lO l ) .  The e f f ic a c y  o f  t h i s  method i s ,  how ever, 
q u e s tio n a b le  (see  C hap ter l ) .
C harcoal s t r ip p in g  o f th y ro id  hormones from  serum has been  
p re v io u s ly  r e p o r te d  (210, 211, 2 1 2 ). S ince  th e  a f f i n i t y  c o n s ta n ts  
o f TBG and THBA f o r  th e  th y ro id  hormones have been  r e p o r te d  to  be 
s im i la r  (see  C hap ter l ) ,  i t  was c o n s id e re d  th a t  c h a rc o a l s t r ip p in g  
m ight prove u s e f u l  in  th e  c u r r e n t  s tu d y . D uring  th e  p ro g re s s  o f  t h i s  
w ork, W alfish  and Prem achandra (18?) r e p o r te d  a s im i la r  s t r ip p in g  
p ro ced u re , and t h a t  th e  rem oval o f  endogenous T4 f a c i l i t a t e d  th e  
d em o n stra tio n  o f  THBA. However, i t  has been su g g es ted  th a t  th e  
e f f ic ie n c y  o f  c h a rc o a l rem oval o f T4 from  h e te ro lo g o u s  a n t i s e r a  i s  
in v e rs e ly  r e l a t e d  to  th e  t i t r e  o f th e  a n tib o d y  (2 1 $ ). Thus c h a rc o a l 
tre a tm e n t may n o t co m p le te ly  remove T4 and T$ from  h ig h  a v id i ty  
a n t ib o d ie s .
THYROID HORMONE UPTAKE STUDIES
An a s sa y  c o n s is t in g  o f th e  in c u b a tio n  o f  d i l u t e d  t e s t  serum 
w ith  ^^^I-T 4  o r  and ANS, fo llo w ed  by s e p a ra t io n  o f  bound and
f r e e  m o ie tie s  by c h a rc o a l a d s o rp t io n ,  was used  f o r  com parison  p u rp o ses  
S im ila r  m ethods have been  r e p o r te d  f o r  th e  in v e s t ig a t io n  o f  THBA 
(91 , 98, 185, 1 8 5 ).
The ELISA methods f o r  THBA w i l l  be r e f e r r e d  to  as  ELISA (T4) 
and ELISA (T 5). The th y ro id  hormone up take  methods o u t l in e d  above 
w i l l  be r e f e r r e d ' t o  as  NSB (T4) and NSB (T5) a ssa y s  ( i e .  N o n -S p e c ific  
B ind ing  a s s a y s ) .
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MATERIALS
CHEMICALS
C hem icals used  in  t h i s  s e c t io n  o f  work were a s  d e s c r ib e d  in  
p re v io u s  c h a p te r s ,  w ith  th e  a d d i t io n  o f  th e  fo llo w in g :
Chem ical
C h a rc o a l, a c t iv a te d  
( u n tr e a te d  powder) 
250 -  350 mesh
C atalogue No,
c 5260
S u p p lie r  
Sigma London,
Chem ical Company L t d . , 
P o o le ,
C h a rc o a l, g ra n u la r  
4 -  14 mesh c 2764
Agar powder type  IV A 7002
Next r a n -  T70
Agarose (F ree  g i f t )
P harm acia ( gB) L td . ,  
Hounslow.
M iles L a b o ra to r ie s  L t d . ,  
S lough .
B e x tra h  co a ted  c h a rc o a l (F ree  g i f t )  
t a b l e t s
Bio-Rad L a b o ra to r ie s  L t d . ,  
W atfo rd .
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REAGENTS
R eagen ts used  in  t h i s  s e c t io n  o f  work were a s  d e s c r ib e d  in  
p re v io u s  c h a p te r s ,  w ith  th e  a d d i t io n  o f  c h a rc o a l/a g a ro s e  poivder, and 
c h a rc o a l /a g a r  d i s c s ,  w hich were p re p a re d  a c c o rd in g  to  th e  methods o f  
S to c k h i l l  ( 211 ) ,  and Barlow  (212) r e s p e c t iv e ly ,
EQUIPMENT
Equipment used  in  t h i s  s e c t io n  o f  work was a s  d e s c r ib e d  in  
p re v io u s  c h a p te r s .  S t a t i s t i c a l  c a lc u la t io n s  were perform ed  on a  
Nascom 2 m icrocom puter, u s in g  " in  house" program s.
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CLINICAL MATERIAL
( i )  C o n tro l Group
Blood was ta k e n  by venepunc tu re  from  158 s u b je c ts  w ith  no 
h i s to r y ,  fa m ily  h i s to r y  o r  c l i n i c a l  s ig n s  o f  th y ro id  o r  autoimmune 
d is o r d e r s .  T h is  group com prised  la b o ra to ry  p e rso n n e l and o u tp a t ie n t s  
a t te n d in g  th e  P a th o lo g y  D epartm ent, A shford  H o s p i ta l ,  f o r  in v e s t ig a t io n s  
u n r e la te d  to  th y ro id  d y s fu n c tio n . A 10ml b lo o d  sample was ta k e n  from  
each  s u b je c t ,  a llo w ed  to  c l o t ,  and c e n t r i f u g e d .  The serum was removed 
and d iv id e d  in to  fo u r  a l iq u o t s ,  w hich were s to r e d  d e e p -fro z e n  u n t i l  
r e q u ir e d .
( i i )  P a t i e n t  Group
The ELISA (T4) and NSB (T4) a s s a y s  were perform ed  on a t o t a l  o f  
516 sam ples from  p a t i e n t s  on whom th y ro id  fu n c tio n  t e s t s  had been  
r e q u e s te d .  Of th e s e ,  172 were a ls o  a ssay ed  f o r  ELISA (T5) and NSB (T5 ) 
From th e  c l i n i c a l  n o te s ,  th e  p a t i e n t s  were d iv id e d  in to  th e  
fo llo w in g  c a te g o r ie s .
No. o f  p a t i e n t s  
I n v e s t ig a te d
THBA (T4) THBA (T3)
( i )  P a t i e n t s  t r e a t e d  w ith  th y ro x in e  81 58
( i i )  P a t i e n ts  w ith  su sp e c te d  h y p o th y ro id ism  54 25
( i i i )  C l i n i c a l ly  h y p o th y ro id  p a t i e n t s  12 12
(no tre a tm e n t)
( iv )  P a t i e n ts  w ith  su sp e c te d  h y p e rth y ro id ism  62 20
(v) C l i n i c a l ly  h y p e r th y ro id  p a t i e n t s  15 10
(no t r e a tm e n t)
(v i )  P a t i e n ts  t r e a t e d  w ith  a n t i th y r o id
drugs (ca rb im azo le  o r th i o u r a c i l )  17 7
( v i i )  P a t i e n t s  t r e a t e d  w ith  ^ ^ ^ lo d in e  9 4
( v i i i )  P a t i e n t s  p o s t  thy ro id ec to m y  6 4
( ix )  P a t i e n t s  w ith  G o itre  9 9
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(x ) P a t i e n t  w ith  th y ro id  carcinom a
( x i )  P a t i e n t  t r e a t e d  w ith  th y ro g lo h u lin
( x i i )  P a t i e n t s  w ith  i n s u f f i c i e n t  c l i n i c a l  
d e t a i l s  to  a s s ig n  to  above c a te g o r ie s
No. o f  p a t i e n t s  
I n v e s t ig a te d
THBA (T4) 
1 
1
51
THBA (T3) 
1 
1
51
In  some in s ta n c e s  p a t i e n t s  may appear in  more th a n  one c a te g o ry ; 
f o r  example p a t i e n t s  vfho had  undergone r e c e n t  th y ro id ec to m y  and were 
su b se q u e n tly  t r e a t e d  w ith  th y ro x in e  a re  p la c e d  in  th e  two r e le v a n t  
c a te g o r ie s  in  th e  above scheme.
Because o f  th e  r e l a t i v e l y  sm all volume o f  serum a v a i la b le  in  
th e  p a t i e n t  g roup , th e  sam ples were d e e p -fro z e n  w ith o u t d iv i s io n  in to  
a l iq u o t s .  R epeated  f r e e z in g  and thaw ing  o f  th e se  specim ens was k e p t to  
a minimum; how ever, in  many c a se s  th e  specim ens were n e c e s s a r i ly  f ro z e n  
and thawed up to  4 t im e s .
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METHODS
l )  REMOVAL OF EITDOGEHOÏÏS T4 t CHARCOAL STRIPPING
F ive  m ethods o f  c h a rc o a l s t r ip p in g  were in v e s t ig a te d .  P ooled  
pregnancy serum , o b ta in e d  from  s u b je c ts  a t  37-40  weeks g e s ta t io n  was 
u sed  as a sou rce  o f e le v a te d  endogenous b in d in g  o f  T4, a l b e i t  by TBG 
r a th e r  th a n  THBA. In  a l l  c a se s  300pl were u se d , to  which ^^^I--T4 
was added to  a c o n c e n tra t io n  o f  lOOnCi (25ng) p e r  m l. serum . The 
rem oval o f  T4 was m o n ito red  by Y -ra d ia t io n  c o u n tin g  b e fo re  and a f t e r  
tre a tm e n t w ith  c h a rc o a l .  The c h a rc o a l p re p a ra t io n s  were added,, th e  
m ix tu re  was in c u b a te d  f o r  18 hours a t  room te m p era tu re  (20 -23°C ), 
and th e n  c e n t r i f u g e d  a t  ap p ro x im ate ly  2000 x g f o r  one hour a t  4^0.
An a l iq u o t  o f th e  serum was th e n  removed f o r  c o u n tin g .
Method ( a ) t  c h a rc o a l powder
N o rit A c h a rc o a l was washed in  w a te r to  remove f i n e s ,  and 
d r ie d  a t  120°C. Each a l iq u o t  o f  serum was t r e a t e d  w ith  ap p ro x im a te ly  
200mg o f  c h a rc o a l .
Method (b ) :  c h a rc o a l g ra n u le s
The c h a rc o a l g ra n u le s  were washed and d r ie d ;  each  a l iq u o t  o f  
serum was t r e a t e d  w ith  one g ra n u le  o f  c h a rc o a l .
Method ( c ) ;  D e x tra n -c o a te d  c h a rc o a l p e l l e t s
Each a l iq u o t  o f serum was t r e a t e d  w ith  one p e l l e t  o f  d e x tra n  
co a ted  c h a rc o a l .  The p e l l e t  i s  d es ig n ed  to  d i s in t e g r a t e  on a d d i t io n  
to  l i q u id .
Method (d ) :  c h a rc o a l/a g a r  d is c s
G h a rc o a l/a g a r  d is c s  o f th r e e  s iz e s  (d ia m e te rs  5? 6 and 7mm), 
each  2-3mm th ic k  were p re p a re d . One s e r i e s  o f  tu b e s  was u sed  f o r  each  
d is c  s i z e .  One d is c  was added to  each  a l iq u o t  o f  serum .
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Method ( e ) ;  c h a rc o a l/a g a ro s e  powder
The c h a rc o a l/a g a ro s e  powder was washed w ith  d e io n is e d  w a te r 
p r io r  to  u s e ,  to  remove f i n e s .  A pproxim ately  65mg o f th e  w ashed, 
d r ie d  powder was added to  each  serum a l iq u o t .
Ammonium su lp h a te  tre a tm e n t
The ammonium s u lp h a te  p r e c i p i t a t i o n  method o f  S ta e h e l i  e t  a l .  ( lO l)
f o r  th e  d i s s o c ia t io n  o f  T ^ /a u to a n tih o d y  com plexes was a ls o  in v e s t ig a t e d ,
125u s in g  h e te ro lo g o u s  a n t i-T 4  a n tise ru m  p re in c u b a te d  w ith  ^ I-T 4 . The 
r e s u l t a n t  complex was p r e c i p i t a t e d  w ith  an eq u a l volume o f  90^  s a tu r a te d  
ammonium s u lp h a te ,  th e  m ix tu re  was c e n t r i f u g e d ,  and an a l iq u o t  o f  th e  
s u p e rn a ta n t was s u b je c te d  to  Y c o u n tin g . The p r e c i p i t a t e  was washed 
tw ice  w ith  4 5 /  s a tu r a te d  ammonium s u lp h a te .  A f te r  each  w ash, an 
a l iq u o t  o f  th e  s u p e rn a ta n t was removed f o r  c o u n tin g . On co m p le tio n  
o f  th e  w ashing p ro c e d u re , th e  p r e c i p i t a t e  was r e d is s o lv e d  in  PBS, and 
t e s t e d  f o r  i t s  a b i l i t y  to  b in d  ^ ^^ I-T 4 .
From th e  r e s u l t s  o f  th e se  ex p erim en ts  (see  R e s u lts  s e c t i o n ) ,  
i t  was d ec id ed  to  use  method (e )  f o r  th e  rem oval o f endogenous T4 from  
th e  serum sam ples . T his method was a ls o  used  f o r  th e  rem oval o f 
endogenous T3 (209)
2) THBA -  ELISA
The a ssa y  p ro ced u re  c o n s is te d  o f  th e  fo llo w in g  s te p s :
( i )  A ntigen  was d i lu te d  1 :1000 (T4/SPLL), o r 1 :10^  (T^/SPLL) in  
b ic a rb o n a te /c a rb o n a te  b u f f e r ,  and in c u b a te d  in  th e  c u v e t te s  f o r  4 h o u rs .
( i i )  The c u v e t te s  were washed (3 a d d i t io n a l  w ashes o f  d e io n is e d  w a te r 
w ith  no soak were employed a t  t h i s  s ta g e ,  b u t n o t in  su b seq u en t wash 
p ro c e d u re s ) ,  and d r ie d  o v e rn ig h t a t  37°C over s i l i c a  g e l .
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( i i i )  The c h a r c o a l - t r e a te d  sam ples were d i l u te d  1:1000 in  wash 
b u f f e r  c o n ta in in g  ANS a t  a c o n c e n tra t io n  o f lO m g/l, and a l iq u o ts
were added to  c u v e t t e s , in  t r i p l i c a t e , which were th e n  in c u b a te d  f o r  
2 h o u rs .
( iv )  The c u v e t te s  were washed.
(v ) A nti-hum an IgG a n tis e ru m /h o rse  r a d is h  p e ro x id a se  (ELISA/T4 ) , 
o r  a lk a l in e  p h o sp h a tase  (ELISA/T3 ) co n ju g a te  was added a t  1 :10^ o r  
1 :1000 r e s p e c t iv e ly  to  th e  c u v e t te s ,  w hich were th e n  in c u b a te d  f o r  
2 h o u rs .
(v i )  The c u v e t te s  were w ashed.
( v i i )  The a p p ro p r ia te  s u b s t r a te  was added , and th e  r e a c t io n  a llo w ed  
to  p ro ceed  f o r  1 hour (p e ro x id a se )  o r 2 h ou rs ( a lk a l in e  p h o sp h a ta se ) . 
At th e  end o f  th e  in c u b a tio n  p e r io d ,  th e  a p p ro p r ia te  s to p  r e a g e n t was 
added and th e  abso rbance a t  492nm (p e ro x id a se )  o r  405nm ( a lk a l in e  
p h o sp h a ta se ) was m easured f o r  each  c u v e t te ,  a g a in s t  a w a te r  b la n k .
F ive  c a s s e t t e s  (25 r a n k s ,  250 c u v e t te s )  were p ro c e sse d  in  each  
b a tc h .  The a ssa y  was perform ed ov er 2 w orking d ay s , w ith  a n t ig e n  
im m o b ilis a tio n  on day 1 , and th e  rem ain d er o f  th e  a ssa y  on day 2 .
The fo llo w in g  c o n d itio n s  were m a in ta in ed  c o n s ta n t :
( i )  In c u b a tio n  te m p e ra tu re s : 37°0
( i i )  R e a c tio n  volum es: 250(il ex ce p t p e ro x id a se  r e a c t io n
s to p  s o lu t io n ,  w hich was 50p l .
( i i i )  Washes: (a )  s o lu t io n :  f o r  ELISA (T4 ) PBS/Tween
f o r  ELISA (T3) Saline/T w een  
(b) c o n d i t io n s :  6 w ashes, each  w ith  a 5 second
soak tim e .
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Serum BR was u sed  a t  a d i l u t i o n  o f 1 :2  x lO"  ^ as  a s ta n d a rd ,
to  which a l l  ab so rb an ces  were r e l a t e d  ac c o rd in g  to  th e  e q u a tio n
R e la t iv e  abso rbance  = mean t e s t  abso rbance ^
mean BR absorbance
where mean t e s t  abso rbance  and mean BR absorbance r e p r e s e n t  th e  means
o f  th e  two c l o s e s t  o f  th e  t r i p l i c a t e  r e s u l t s  in  each c a s e . The r e l a t i v e
absorbance r e s u l t s  were u n i t - l e s s .
The p o s i t i v e  r e fe re n c e  serum (BR) was d i l u te d  1 :2  x  10^, d iv id e d
in to  2.5m l a l iq u o ts  and s to r e d  a t  -17°C . One a l iq u o t  was u sed  f o r
each a s s a y . A n e g a tiv e  r e fe re n c e  serum was d i lu te d  1 :1000 and d iv id e d
and s to r e d  in  the  same way.
The n e g a tiv e  r e fe re n c e  serum was a ssay ed  in  each  a ssa y  as  a
q u a l i ty  c o n t ro l  sam ple. A lthough th e  u se  o f  a n e g a tiv e  serum a lo n e
as  a means o f  q u a l i ty  c o n tro l  was n o t c o n s id e re d  i d e a l ,  no a l t e r n a t i v e
was a v a i la b le .
5) THBA -  THYROID HORMONE UPTAKE METHOD
The th y ro id  hormone u p tak e  method (NSB m ethods) c o n s is te d ,  in  
p r in c i p le ,  o f  a radioim m unoassay method w ith o u t th e  a d d i t io n  o f  
a n a ly t i c a l  a n tib o d y . C harcoal was u sed  to  s e p a ra te  f r e e  and a n tib o d y -  
bound f r a c t i o n s .  In  th e  p re sen ce  o f  THBA, an e le v a te d  l e v e l  o f  b in d in g  
o f  l a b e l le d  hormone would be o b se rv ed , a s  d is c u s s e d  in  C hap ter 1 .
The method c o n s is te d  o f  th e  fo llo w in g  s te p s :
( i )  500 |il a l iq u o ts  o f  a s o lu t io n  c o n ta in in g  ANS (0.4m g/m l) and
125i_T4 (24nC i/m l, In g /m l) o r  ( l5 n C i/m l, <12pg/m l) in
b a rb ito n e  b u f f e r  pH 8 .6 ,  0.05M w ith  O . l /  BSA, were added to  Luckham 
LP3 tu b e s .
( i i )  20 |il (T4 a s sa y )  o r  25^1 (T3 a s sa y )  o f each  c h a r c o a l - t r e a te d  serum 
were added to  th e  a p p ro p r ia te  tu b e , mixed th e n  in c u b a te d  a t  37°C f o r
1 .5  h o u rs .
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( i i i )  200 |il o f  a  d e x tra n -c o a te d  c h a rc o a l su sp e n sio n  (N o r it  A c h a rc o a l 
5 g /l0 0 m ls , D ex tran  T70 0 ,5 g /l0 0 m ls )  were added to  each  tu b e ,  mixed 
th e n  in c u b a te d  a t  room te m p era tu re  ( 20- 25°C) f o r  15 m in u te s .
( i v )  The tu b e s  were c e n tr i fu g e d  a t  ap p ro x im a te ly  2000 x  g  f o r  
15 m inu tes  a t  and 500^1 o f  th e  s u p e rn a ta n t were removed and
s u b je c te d  to  Ï  r a d ia t io n  c o u n tin g  to g e th e r  w ith  two tu b e s  c o n ta in in g  
an a p p ro p r ia te  volume o f  re a g e n t o n ly  (d e s ig n a te d  "00" tu b e s ) .
R e s u lts  were i n i t i a l l y  c a lc u la te d  as  th e  p e rc e n ta g e  o f  r a d io ­
a c t i v i t y  rem ain in g  in  th e  s u p e rn a ta n t ,  r e l a t i v e  to  th e  mean 00 tu b e  
c o u n ts .  S u b seq u en tly , how ever, th e  c o u n ts  were r e l a t e d  to  th e  co u n ts  
o b ta in e d  from a  serum po o l (from  10 a p p a re n tly  h e a l th y  v o lu n te e r s ) ,  
w hich was g iv en  an a r b i t r a r y  v a lu e  o f  100. The e q u a tio n  used  was
R e la tiv e  NSB = mean t e s t  c o u n ts  ^  
mean p o o l c o u n ts
The r e s u l t s  o f  t h i s  c a lc u la t io n  w ere u n i t - l e s s .
T h is  system  e l im in a te d  m inor d a y - to -d a y  v a r i a t i o n  in  th e  o v e r a l l
a s s a y  perfo rm an ce . The p e rc e n ta g e  o f  r a d i o a c t i v i t y  in  th e  s u p e rn a ta n t
o f  th e  "p o o l"  tu b e  r e l a t i v e  to  th e  00 tu b e  co u n ts  was c a lc u la te d  a s  a
means o f  q u a l i ty  c o n t r o l .
The mass o f c h a rc o a l added in  th e  s e p a r a t io n  sy stem , and th e
in c u b a tio n  tim e o f  th e  c h a r c o a l / r e a c t io n  m ix tu re  were o p tim ised  a s
recommended by O dell ( 214 , 215)# The o b s e rv a tio n s  o f  O dell (215) on
c o a t in g  c h a rc o a l w ith  v a r io u s  m edia were n o te d . D ex tran  T70 c o a t in g
was used  in  t h i s  s tu d y  to  f a c i l i t a t e  c e n t r i f u g a t io n  o f  th e  c h a rc o a l
in to  a  w e ll  packed p r e c i p i t a t e .
4 ) THYROID FUNCTION TESTS
Serum T4, T3 and TSH d e te rm in a tio n s  were perform ed  on a l l  th e  
sam ples in  th e  c o n t ro l  g roup . Serum T4 was a ls o  d e te rm in ed  on a l l  th e  
sam ples in  th e  p a t i e n t  g ro u p s . Whenever s u f f i c i e n t  sam ple was a v a i la b le
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serum T3 and TSH were a ls o  e s tim a te d  in  t h i s  g ro u p . In  some 
o a s e s ,  serum T3 and TSH e s tim a t io n s  were perform ed on th e  p a t i e n t  group 
sam ples a s  p a r t  o f  th e  ro u t in e  th y ro id  fu n c tio n  t e s t  p ro ced u re  a t  
A shford  H o s p i ta l .
Serum T4 and T3 e s t im a t io n s  w ere perform ed by th e  doub le  a n tib o d y  
RIA m ethods o f  R a t c l i f f e  e t  a l .  (6 5 ) ,  m od ified  in to  a  s in g le  re a g e n t 
a d d i t io n  method (2 1 6 ) . The m o d ified  method has been  shown to  c o r r e l a t e  
w e ll  w ith  a  c o n v e n tio n a l d o u b le -a n tib o d y  RIA f o r  serum T4 e s t im a t io n  (2 1 6 ) .
Serum TSH c o n c e n tra t io n s  were e s t im a te d  by a  d oub le  a n tib o d y  
RIA method (21?)»  m od ified  by th e  a d d i t io n  o f  p o ly e th y le n e  
g ly c o l to  th e  second a n tib o d y , in  o rd e r  to  a c c e le r a te  th e  phase 
s e p a r a t io n  p ro c e d u re .
5 ) EFFECTS OF SERUM STORAGE ON NSB AND ELISA RESULTS
In  o rd e r  to  a s s e s s  th e  e f f e c t s  o f  serum s to ra g e  c o n d i t io n s  on 
th e  NSB a s sa y  and ELISA r e s u l t s  o b ta in e d  from a  THBA n e g a tiv e  sam ple, 
a  serum sample from a  h e a l th y  v o lu n te e r  was d iv id e d  in to  th r e e  a l iq u o ts  
each  o f  ap p ro x im a te ly  1ml. A liq u o t 1 was s to re d  f o r  I4 days a t  room 
te m p e ra tu re  (20 -2 5 °C ). On days 0 , 2 , 3 , 6 , 8 , 10, I 3 and I4 , th e  serum 
was a ssay ed  by th e  NSB (T4) m ethod.
A liq u o t 2 was s to re d  a t  —17°C and removed on each  o f  th e  days 
s p e c i f i e d  above, thawed and an a l iq u o t  removed f o r  NSB (T4) a s s a y .
The rem ain d er o f  th e  serum was r e f r o z e n .  A liq u o t 3 was f u r th e r  d iv id e d  
in to  te n  lOOjil a l i q u o t s ,  a l l  o f  w hich were d e e p -f ro z e n . One a l iq u o t  
was removed on each o f th e  days s p e c i f i e d  above and assay ed  by th e  
NSB (T4) m ethod. The ELISA (T4) method was perform ed on a l l  th r e e  
o r ig i n a l  a l iq u o ts  on day 0 and day  14#
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6 ) STATISTICS
The fo llo w in g  s t a t i s t i c a l  methods were employed* 
a* Mean and s ta n d a rd  d e v ia t io n  ( 218) to  d e f in e  in d iv id u a l  g roups o f  
r e s u l t s *
h .  Log-norm al d i s t r i b u t i o n  mean and s ta n d a rd  d e v ia t io n  (2 1 9 ) i where 
norm al d i s t r i b u t i o n  s t a t i s t i c s  were c o n s id e re d  in a p p ro p r ia te .
c .  S tu d e n ts  'T ' t e s t  ( 218) ,  to  compare means o f  two sam p les , and to  
a s s e s s  th e  s ig n if ic a n c e  o f  c o r r e l a t i o n  c o e f f i c i e n t s .
d .  R e g re ss io n  a n a ly s i s  and c o r r e l a t i o n  c o e f f i c i e n t  (218) f o r  th e  
i n v e s t ig a t io n  o f c o r r e l a t i o n  o f  d a ta .
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RESULTS
REI'IOVAL OF ENDOGENOUS T4: CHARCOAL STRIPPING
A com parison o f th e  e f f i c i e n c y  o f  th e  v a r io u s  c h a rc o a l
p r e p a r a t io n s  in  rem oving ^^^I l a b e l le d  T4 from serum i s  shown in  t a b l e  XVI.
A lthough b o th  c h a rc o a l powder and c h a re o a l /a g a rose powder
s a t i s f a c t o r i l y  s t r ip p e d  serum o f ^ ^^ I—T4, th e  fo rm er p r e p a r a t io n ,  d e s p i te
p r i o r  w ash ing , l e f t  suspended f in e s  in  th e  serum . C h a re o a l/a g a rose
powder l e f t  no v i s i b l e  f i n e s .
Ammonium s u lp h a te  tre a tm e n t o f  sheep a n t i —T4 antiserujn/*^ T4
com plex produced a  p r e c i p i t a t e  c o n ta in in g  31 .6  + 4*49^ (n=10) o f  th e
added r a d i o - a c t i v i t y .  A f te r  w ashing  tw ice  w ith  Ammonium S u lp h a te , th e
p r e c i p i t a t e  a p p a re n tly  r e d is s o lv e d ,  and o n ly  3 .4  + 0 . 17^  o f  th e  r a d io -
1a c t i v i t y  rem ained in  th e  tu b e .  No -^I—T4 b in d in g  c a p a c i ty  rem ained
in  th e  tu b e .
Because o f  th e s e  f in d in g s ,  c h a re o a l /a g a rose was used  in  th e  
rem a in d er o f  th e  s tu d y , f o r  th e  rem oval o f endogenous T4 and T3.
RESULTS OF THYROID FUNCTION TESTS. THBA AND NSB ASSAYS
The r e s u l t s  o b ta in e d  in  each group o f  s u b je c ts  f o r  th y ro id  
fu n c t io n  t e s t s ,  and th e  ELISA and NSB t e s t s  f o r  THBA a re  shown in  
f ig u r e s  47 to  52. Because o f th e  r e s u l t s  o f  th e  i n v e s t ig a t io n  on serum 
s to r a g e ,  i t  was d ec id ed  to  exclude th e  NSB (T4) a s s a y  d a ta  on th o se  
specim ens from th e  p a t i e n t  groups w hich were known to  have been  f ro z e n  
and thawed more th a n  tw ic e .
F ig u re  47 shows th e  serum t o t a l  T4 r e s u l t s  f o r  th e  c o n t ro l  and 
p a t i e n t  g ro u p s . The r e s u l t s  from g roups ( i )  and ( v i )  -  ( ix )  were 
s i g n i f i c a n t l y  h ig h e r ,  and th o se  from  group ( i i i )  were s i g n i f i c a n t l y  
low er th a n  th o se  from th e  c o n tro l  g ro u p . The serum t o t a l  T3 r e s u l t s
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Table XVI
Removal o f   ^^^I-T 4  from serum by v a r io u s  c h a rc o a l p r e p a r a t io n s .
0^ R a d io a c t iv i ty  rem a in in g  
Method in  serum a f t e r  tre a tm e n t
Method (a )  c h a rc o a l powder ' O.6 9  + O.O6 n = 4
Method (b ) c h a rc o a l g ra n u le s  71*6 + 14*5 n = 9
Method (c )  D ex tran  -  co a ted  57*3 + 1 * 4  n = 8
c h a rc o a l p e l l e t s
Method (d ) ch a re  o a l /a g a r  D isc  s iz e  5nim 8 7 .3  + 2 .4
d is c s  D isc s iz e  6mm 79*0 + 1.2  n = 6
D isc  s iz e  7mm 7^*9 + 3*1
Method (e )  c h a rc o a l/a g a ro s e  3 .7 5  + 0 .6  n = 8
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Serum 
T hyroxine 
C o n c e n tra tio n  
(n m o l/l)
300 -
250
2OO1
150-
100 -
50-
OJ 0 CO
0 0 0
0 0 0
0 0 I 0 0 0 0 1 1
0 1 ITN 0 0 0 0 ITN
tTN 0 0 0
0 0 0 0 0V 0 0 V V V V 0 0
I
c - T- CO CO
ITN 00 ITN VO
rH X—N0 •H •H •H >
Sh •H •H •H
G00
•H
ON VO ON OJ
S ig n if ic a n c e  o f  
d i f f e r e n c e  from 
c o n tro l  group
(P)
{ r e p r e s e n ts  mean and s ta n d a rd  
d e v ia t io n  o f  r e s u l t s  
in  t h i s  and 
su b seq u en t f ig u r e s .
Number o f  
o b s e rv a tio n s
Group
F ig u re  47
D is t r ib u t io n  o f serum T4 c o n c e n tra t io n s  w ith in  th e  c l i n i c a l  
g roups exam ined, and th e  s ig n i f ic a n c e  o f  th e  d i f f e r e n c e  o f  each s e t  
o f  d a ta  from t h a t  o b ta in e d  from  th e  c o n t ro l  g ro u p .
Summary o f P a t i e n t  Groups
1
2
3
4
5
6
7
8
9
10
11
12
P a t i e n ts  t r e a t e d  w ith  T4 
P a t i e n t s  w ith  su sp e c te d  hyp o th y ro id ism  
P a t i e n ts  w ith  c l i n i c a l  hy p o th y ro id ism  
P a t i e n t s  w ith  su sp e c ted  h y p e rth y ro id ism  
P a t i e n t s  w ith  c l i n i c a l  h y p e rth y ro id ism  
P a t i e n t s  t r e a t e d  w ith  a n t i th y r o id  d rugs 
P a t i e n ts  t r e a t e d  w ith  ^31io d in e  
P a t i e n t s  p o s t  th y ro id ec to m y  
P a t i e n t s  w ith  g o i t r e  
P a t i e n t  w ith  th y ro id  carc inom a 
P a t i e n t  t r e a t e d  w ith  th y ro g lo b u lin
P a t i e n ts  w ith  i n s u f f i c i e n t  d e t a i l s  to  a s s ig n  to  above groups
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Serum
T ri i  od ot  h y ron ine
c o n c e n tra t io n
(n m o l/l)
T .O t
S ig n if ic a n c e  o f 
d i f f e r e n c e  from 
c o n t ro l  group
5 .0 4
4 . OH
3 . OH
2.0H
Number o f  
o b se rv a tio n s
rH
•H *H M
•H *H -H> H v—--
•H -H *H r*'—■' *H "H ’H Group
o
F ig u re  48
D is t r ib u t io n  o f  serum tr i io d o th y r o n in e  c o n c e n tra t io n s  
w ith in  th e  c l i n i c a l  groups exam ined, and th e  s ig n i f ic a n c e  o f  
th e  d i f f e r e n c e  o f each  s e t  o f  d a ta  from  t h a t  o b ta in e d  from  th e  
c o n t ro l  group*
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Serum
T h y ro tro p h in  (TSH)
C o n c e n tra tio n
(mU/l)
70 - ,
D is t r ib u t io n
40 _
20 .
10 .
CO cvj m  O
tfS rH I— I
CO O C\J CM o \ Number o f  o b s e rv a tio n s
rH
I
go
% Group
F ig u re  49
D is t r ib u t io n  o f serum th y ro tro p h in  (TSH) c o n c e n tra t io n s  
( s ta n d a rd is e d  on MC IRP 68 /38) w ith in  th e  c l i n i c a l  g roups exam ined, 
Because o f  a p p a re n t d i f f e r e n c e s  in  th e  ty p e s  o f  d i s t r i b u t i o n ,  th e  
d i f f e r e n c e s  betw een th e  d a ta  s e t s  were n o t a s s e s s e d .
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ELISA (T4) 
R e la tiv e  
A bsorbance 
(No U n its )
7 0 1
60 -
5 0 '
4 0 '
30-
20 -
1 0 '
8
OV
o oo o
? oo o 1 o o ? o oo o o o o oo o mo o o o o oV o V o V V o V V
S ig n if ic a n c e  o f
d if fe r e n c e  from
co n tr o l group
(P)
0 0 Tj- CM CM rO r— 0 0m t— LT\ VO
rHo •H •H •H > > •H •H
A
1
•H •H
•H
•H > •H>
VO ON Number o f  
o b s e rv a tio n s
Group
o
F ig u re  50
D is t r ib u t io n  o f  ELISA (T4) r e s u l t s  w ith in  th e  c l i n i c a l  
groups exam ined, and th e  s ig n if ic a n c e  o f  th e  d if f e r e n c e  o f  
each  s e t  o f  d a ta  from t h a t  o b ta in e d  from th e  c o n t ro l  g roup .
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ELISA (T3) 
R e la t iv e  
A bsorbance 
(no u n i t s )
CM
m
40"
30-
20 -
10*
S ig n if ic a n c e  o f
d if fe r e n c e  from
c o n tr o l group
(P)
T- CO m  CM o  LOi CM T- "v}- C7\
Number o f  
o b se rv a tio n s
0
1o
Group
F ig u re  31
D is t r ib u t io n  o f  ELISA (T3) r e s u l t s  w ith in  th e  c l i n i c a l  
g roups exam ined, and th e  s ig n if ic a n c e  o f  th e  d i f f e r e n c e  o f  each  
s e t  o f  d a ta  from t h a t  o b ta in e d  from th e  c o n t r o l  group#
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NSB (T4) 
(no u n i t s ) OJ CM
120
110"
100"
S ig n if ic a n c e  o f
d if fe r e n c e  from
c o n tro l group
( P )
CO 0 0  m CM
I—IoP4
oo
CJ\ LTN ^  ro m CM CM V- rn
^ ^
'H •H •H X X •H •H
> •H •H •H X H
> •H
>
X
Number o f  
o b s e rv a tio n s
Group
F ig u re  52
D is t r ib u t io n  o f  NSB (T4) r e s u l t s  w i th in  th e  c l i n i c a l  
groups exam ined, and th e  s ig n i f ic a n c e  o f  th e  d i f f e r e n c e  o f  
each  s e t  o f  d a ta  from th a t  o b ta in e d  from th e  c o n t ro l  g ro u p .
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from  each  group a re  shown in  f ig u re  4 8 .  The r e s u l t s  from groups
( iv )  -  ( v i )  and ( ix )  were s i g n i f i c a n t l y  h ig h e r  th a n  th o se  from th e  
c o n t ro l  g ro u p . F ig u re  49 shows th e  TSH r e s u l t s  f o r  each  o f  th e  g ro u p s . 
B ecause o f  d i f f e r e n c e s  in  th e  d i s t r i b u t i o n  o f  th e  c o n t ro l  and p a t i e n t  
group TSH d a ta ,  i t  was co n s id e re d  in a p p ro p r ia te  to  compare th e  d a ta  
u s in g  th e  s tu d e n t 's  'T* t e s t .
The ELISA (T4) and ELISA (T3) r e s u l t s  ( f ig u r e s  50 and 51) show 
t h a t  th e  mean r e l a t i v e  ab so rb an ces  o f  a l l  p a t i e n t  g roups were low er th a n  
th o se  from th e  c o n t ro l  g roup . The d i f f e r e n c e s  were s ig n i f i c a n t  in  a l l  
g roups ex cep t ( v i i i )  (T 4 ), and ( v i i )  (T 3 ) . The s in g le  r e s u l t  from th e  
p a t i e n t  t r e a te d  w ith  th y ro g lo b u lin  (g roup  ( x i ) )  was a t  th e  u p p er l i m i t  
o f  th e  c o n t ro l  group d a ta  f o r  ELISA (T 4 ) , and in  th e  ELISA (T3) a s s a y  
was s l i g h t l y  e le v a te d  w ith  r e s p e c t  to  th e  rem a in in g  p a t i e n t  g ro u p s , b u t 
w i th in  th e  range (+ ISB) o f  th e  c o n t ro l  group d a ta .
F ig u re  52 shows th e  r e s u l t s  o f  th e  NSB (T4) a s s a y s  a f t e r  e x c lu s io n  
o f  th o s e  r e s u l t s  known to  be in f lu e n c e d  by serum s to ra g e  c o n d i t io n s .
The means o f  each o f  th e  p a t i e n t  g roups were low er th a n  th a t  o f  th e  
c o n t r o l  g roup . In  a l l  g roups ex cep t (v ) and ( ix )  th e  d i f f e r e n c e s  were 
s i g n i f i c a n t .  The r e s u l t  from th e  p a t i e n t  t r e a te d  w ith  th y ro g lo b u lin  
was s l i g h t l y  e le v a te d ,  b u t w ith in  th e  range  (+ ISB) o f  r e s u l t s  f o r  th e  
m a jo r i ty  o f th e  rem a in in g  g ro u p s . The r e s u l t s  o f  th e  NSB (T3) a s s a y  
were n o t an a ly se d  in  t h i s  way because th e  r e s u l t s  had n o t been c l a s s i f i e d  
in to  th e  g roups used  in  th e  rem ain d er o f  th e  s tu d y , and e le v a te d  r e s u l t s ,  
s im i la r  to  th o se  o b ta in e d  in ,  and exclu d ed  from , th e  NSB (T4 ) s tu d y  w ere 
a ls o  observed  in  th e  NSB (T3) a s s a y , b u t were n o t e x c lu d e d . I t  was 
c o n s id e re d , th e r e f o r e ,  t h a t  in c lu s io n  o f  th e s e  r e s u l t s  would be 
m is le a d in g .
RELATIONSHIP BETHEEN ELISA ANB NSB RESULTS
The r e l a t io n s h ip  betw een th e  ELISA (T4) and NSB (T4) r e s u l t s  in  
each group was in v e s t ig a te d  by r e g r e s s io n  a n a ly s i s .  The r e s u l t s  a re
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shown in  ta b le  XVII.
In  a l l  g roups ex ce p t ( i x ) ,  th e  s lo p e s  o f  th e  r e g re s s io n  l i n e s  
were c lo s e  to  ze ro  and in  a l l  c a se s  th e  in t e r c e p t s  w ere c lo se  to  100 
(NSB (T4) r e s u l t ) .  Both p o s i t iv e  and n e g a tiv e  c o r r e l a t i o n s  were 
o b se rv ed , and t h i s  f in d in g ,  to g e th e r  w ith  th e  poor c o r r e l a t i o n  
c o e f f i c i e n t s  (e x c e p t group ( i x ) ) ,  su g g es ted  a  la c k  o f  c o r r e l a t i o n  o f 
th e  two s e t s  o f  d a t a .  The f in d in g s  in  group ( ix )  p ro b a b ly  r e s u l t e d  
from  th e  sm all sample s iz e  (n  = 5 ) î  th e  c o r r e l a t i o n  c o e f f i c i e n t  in  
t h i s  ca se  was n o t s ig n i f i c a n t  (0 .5 > p > 0 .l) .
The r e l a t io n s h ip  betw een th e  ELISA (T3) and NSB (T3) r e s u l t s ,  
w ith o u t c l a s s i f i c a t i o n  in to  th e  g roups used  in  th e  ELISA (T4) and 
NSB (T4) s tu d ie s  was
y  = 0 .9 5 x  + 108 r  = 0 .1 7
where
y  = NSB (T3) r e s u l t
X  = ELISA (T3) r e s u l t
The in te r c e p t  i s  s im i la r  to  th o se  shown in  t a b le  XVII. However, 
th e  s lo p e  i s  c o n s id e ra b ly  g r e a te r  (w ith  th e  e x c e p tio n  o f  t h a t  o b ta in e d  
in  group ( i x ) ) .  T h is  may be due to  th e  in c lu s io n  in  th e  NSB (T3) d a ta  
o f  th e  r e s u l t s  in f lu e n c e d  by serum s to ra g e  c o n d i t io n s .  The c o r r e l a t i o n  
c o e f f i c i e n t  su g g e s ts  a  la c k  o f  c o r r e l a t i o n  o f  th e  d a t a .
EFFECTS OP SERUM STORAGE ON NSB AND ELISA RESULTS
The r e s u l t s  o f  th e  experim en t to  d e te rm in e  th e  e f f e c t  o f  s to ra g e  
c o n d i t io n s  on th e  NSB (T4) r e s u l t s  a re  shown in  f ig u r e  53# A marked 
in c re a s e  in  th e  NSB (T4) r e s u l t  was observed  in  th e  serum s to r e d  a t  
room te m p e ra tu re . A l e s s  marked in c re a s e  was seen  in  th e  r e s u l t s  from  
th e  serum thawed and re f ro z e n  f o r  each  a s s a y , w h i ls t  v e ry  l i t t l e  
in c re a s e  was seen  in  th e  r e s u l t  f o r  th e  serum s to re d  a t  —20°G u n t i l  
a s s a y e d .
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T ab le  XVII
R e la tio n s h ip  betw een ELISA (T4) and NSB (T4) r e s u l t s ,  in  
in d iv id u a l  g ro u p s .
GROUP a b r n
norm al 0 .12 100.6 0 .2 4 158
( i ) - 0 .0 9 102.6 - 0 .23 28
( i i ) 0 .1 0 96 .5 0 .18 39
( i i i ) - 0 .14 102.1 - 0 .24 5
( iv ) - 0 .0 5 101.6 -0 .1 0 54
(v) 0 .03 100.5 0 .1 0 7
( y i ) - 0.07 102.2 - 0 .0 9 12
( v i i ) - - - -
( v i i i ) - - - -
( ix ) - 0.96 126.2 -0 .6 6 5
(x) - - -
( x i ) - - — -
( x i i ) 0.01 101 .0 0 .03 31
( i n s u f f i c i e n t  d a ta  were a v a i la b le  in  g roups v i i ,  v i i i ,  x ,  x i )  
Where
y  = ax  + b y  = NSB (T4) r e s u l t
X = ELISA (T4) r e s u l t
r  = c o r r e l a t i o n  c o e f f i c i e n t  
n = number o f  o b s e rv a tio n s
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NSB (T4) 
r e s u l t  
(no u n i t s )
250 _
200 _
150 -
( i i i )100
80
15 days1050
s to ra g e  tim e
F ig u re  33
E f f e c ts  o f  s to ra g e  o f  serum sample a t :
( i )  20 -  25°C
( i i )  -17°C w ith  rem oval and thaw ing  a t  20 -  25°G f o r  each  a s sa y  
( i i i )  -17°C 
on NSB (T4) r e s u l t s #
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The ELISA r e l a t i v e  ab so rb an ces  o b ta in e d  on day  0 and day 14 
w ere a s  fo llo w s :
S to rag e  ( i )  S to rag e  ( i i )  S to rag e  ( i i i )
(25°c) (25/-20°C ) ( - 20°c )
Day 0 25 32 32
Day 14 18 25 28
No in c re a s e  in  ELISA r e s u l t s  was o b se rv ed , s u g g e s tin g  th a t  th e  
e f f e c t  was n o t THBA r e l a t e d .
The mean NSB (T4) r e s u l t  o b ta in e d  from th e  p a t i e n t  group sam ples 
known to  have been f ro z e n  and thawed more th a n  tw ic e ,  was 26 ,&fo h ig h e r  
th a n  t h a t  from sam ples f ro z e n  and thawed l e s s  th a n  tw ic e ;  th e  
d i f f e r e n c e  was h i g h l y  [ s ig n i f i c a n t  (p  « 0 . 0 0 1 ) .
IDENTIFICATION OF POTENTIAL THBA POSITIVE SAMPLES
The p a t i e n t  group r e s u l t s  w ere exam ined to  i d e n t i f y  any 
ELISA (T 4 ) , ELISA (T 3 ) , T4 o r T3 r e s u l t s  which were s i g n i f i c a n t l y  
h ig h e r  th a n  th e  mean f o r  i t s  p a r t i c u l a r  g roup . I t  was co n s id e re d  
th a t  such r e s u l t s  m ight in d ic a te  th e  p re sen ce  o f  THBA in  th e  serum .
In  o rd e r  to  ensu re  th e  s ig n if ic a n c e  o f  any e le v a te d  r e s u l t s ,  o n ly  
th o s e  which were in  ex ce ss  o f  3 s ta n d a rd  d e v ia t io n s  above th e  mean 
f o r  i t s  group were s e le c te d  a s  p o t e n t i a l  THBA p o s i t i v e  sam ples.
E ig h t sam ples w ere i d e n t i f i e d ,  and th e  r e s u l t s  a re  shown in  
t a b le  X V III. I t  sho u ld  be n o ted  t h a t  in  a l l  b u t one c a s e ,  th e  ELISA 
r e l a t i v e  ab so rb an ces  were below  th e  v a lu e  o f  100 s e t  f o r  th e  p o s i t i v e  
r e fe re n c e  serum (BR) a t  a  d i l u t i o n  o f  1 :2  x 10^. U n fo r tu n a te ly ,  in  
a l l  c a s e s ,  th e  serum had d e te r io r a t e d  to  such an e x te n t  t h a t  r e p e a t  
ELISA (T4) a n a ly s is  gave u n r e l i a b le  r e s u l t s ,  o r th e r e  was i n s u f f i c i e n t  
m a te r ia l  f o r  r e p e a t  a n a ly s i s .  Two f u r th e r  specim ens w ere o b ta in e d  
from  p a t i e n t  AD, whose o r ig in a l  serum gave an ELISA (T4 ) r e s u l t  o f  122,
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T a b le  X V III
R e s u lts  from e ig h t  p o t e n t i a l  THBA p o s i t iv e  sam ples,
P a t i e n t  T4 T3 TSH NSB (T4) ELISA (T4) ELISA (T3) Group
RÜ 3 5 6 * - <2 112 47 - ( i )
AD 63 1.1 >64 - 122* 65 ( i )
CO 217* 3.1 - - 18 29 ( i )
WA 86 2 .2 — - 77* 34 ( i i )
BE > 4 0 0 * 1 3 . 2 * - — 56 3 2 ( iv )
BU 3 3 0 * - - 101 26 - ( x i i )
PA 74 1 .3 >64 - 98* 3 9 ( x i i )
AU 122 1 .4 4 — 39 9 4 * ( x i i )
* D enotes th o se  r e s u l t s  which were o u ts id e  + 3SD from  th e  mean 
f o r  i t s  p a t ie n t  g ro u p .
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The f u r th e r  specim ens were a s s a y e d , and th e  r e s u l t s ,  to g e th e r  w ith  
th o se  p re v io u s ly  summarised in  t a b le  X V III a re  shown in  ta b le  XIX.
N e ith e r  o f th e  two l a t e r  specim ens showed ev idence  o f  e le v a te d  ELISA (T4) 
o r NSB (T4) r e s u l t s .
PRECISION
B etw een -assay  p r e c i s io n
The betw een a s sa y  c o e f f i c i e n t s  o f  v a r i a t i o n ,  a s s e s se d  on a  THBA 
n e g a tiv e  serum sample over s ix  w eek s /w ere  6 .2 ^  f o r  th e  ELISA (T4) 
a s s a y ,  5*4^ f o r  th e  NSB (T4) a s s a y , 17*1^ f o r  th e  ELISA (TB) a s s a y ,  
and 8.6% f o r  th e  NSB (TB) a s sa y  r e s p e c t iv e ly .
W ith in -a s sa y  p r e c i s io n
The w ith in  a s s a y  c o e f f i c i e n t s  o f  v a r i a t i o n  on a  THBA n e g a tiv e  
serum sample were 4.6% f o r  th e  ELISA (T4) a s s a y  and 4.4% f o r  th e  
NSB (T4) a s s a y . C o rrespond ing  f ig u r e s  f o r  th e  ELISA (TB) and NSB (TB) 
a s sa y s  were n o t o b ta in e d .
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T a b le  XIX
R e s u lts  from th r e e  specim ens from p a t i e n t  AD,
Specimen T4 T3 TSH NSB (T4) ELISA (T4) ELISA
1. ( s e e  ta b le  X V III) 63 1.1 >64 - 122 65
2 . 7 months l a t e r 80 1.1 39 107 88 66
3 . 12 months l a t e r 103 1 .2 >64 104 21 65
P a t i e n t  AD i s  a  58 y e a r  o ld  la d y  who i n i t i a l l y  p re s e n te d  w ith  
h y p o th y ro id ism  and p e rn ic io u s  anaem ia. The p a t i e n t  had undergone 
th y ro id ec to m y  in  1946, and was b e in g  t r e a t e d  w ith  th y ro x in e  and 
cy tam en. The p a t i e n t  i s  a p p a re n tly  w e ll c o n t ro l le d  c l i n i c a l l y  (w ith  
r e s p e c t  to  th y ro id  fu n c t io n )  on a  th y ro x in e  dose o f  O.O5 m g/day.
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DISCUSSION
The work p re s e n te d  in  t h i s  c h a p te r  was d es ig n ed  to  in v e s t ig a te  
th e  o ccu rren ce  o f THBA in  th e  serum o f  p a t i e n t s  s u f f e r in g  w ith  a 
v a r i e t y  o f  th y ro id  d i s o r d e r s ,  u s in g  th e  ELISA method p re v io u s ly  
d e s c r ib e d  (C h ap te rs  6 and 7 ) .  P r io r  to  th e  ELISA a s sa y  b e in g  p erfo rm ed , 
th e  serum sam ples w ere s t r ip p e d  o f  endogenous th y ro id  horm ones, u s in g  
c h a rc o a l .  The ELISA r e s u l t s  were compared w ith  th e  r e s u l t s  from a  
r a d io la b e l le d  th y ro id  hormone u p tak e  method w ith  a  c h a rc o a l p h a se -  
s e p a r a t io n  system . S im ila r  th y ro id  hormone u p take  m ethods have been  used  
p r e v io u s ly  ( 9I ,  98 , 183 , I 85 ) f o r  th e  d e te c t io n  o f  THBA, and fo r  
S c a tc h a rd  a n a ly s i s ,
CHARCOAL STRIPPING
The use o f  a g a ro se  co a ted  c h a rc o a l was shown to  remove 
ap p ro x im a te ly  96% o f  ^^^I-T 4 from p oo led  p regnancy  serum . The rem oval 
o f T4 from THBA p o s i t i v e  serum cou ld  n o t be in v e s t ig a t e d .  W alfish  and 
Prem achandra ( 187) ,  how ever, r e p o r te d  th e  s u c c e s s fu l  u se  o f  c h a rc o a l 
to  remove endogenous T4 from THBA p o s i t i v e  serum sam p les . The u se  o f 
ammonium s u lp h a te  p r e c i p i t a t i o n  to  d i s s o c ia te  h e te ro lo g o u s  antibody/.T 4 
com plexes was in v e s t ig a te d ,  and th e  r e s u l t s  d em o n stra ted  t h i s  method 
to  be u n r e l i a b le ,  in  c o n t r a s t  to  th e  f in d in g s  o f  S ta e h e l i  e t  a l .  ( IO I ) .  
U ncoated c h a rc o a l powder was more e f f e c t iv e  th a n  c o a te d  c h a rc o a l f o r  
rem oval o f  ^^^I-T4 from  serum: how ever, th e  p re se n c e  o f  c h a rc o a l f i n e s
in  th e  serum a f t e r  s t r ip p i n g  made t h i s  method u n s u i ta b le ,  s in c e  such 
f in e s  would i n t e r f e r e  in  bo th  th e  ELISA and NSB a s s a y s .  C h a re o a l/a g a rose 
was th e re f o r e  s e le c te d  f o r  s t r ip p in g  T4 and T3 from  serum ,
NSB ASSAY RESULTS
In  th e  c u r re n t  s tu d y , th e  NSB (T4) method y ie ld e d  e le v a te d  r e s u l t s  
( s u g g e s tin g  th e  p re sen ce  o f  THBA) in  s e v e ra l  o f  th e  serum sam ples t e s t e d .
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However, i t  was d em o n stra ted  t h a t  e le v a te d  NSB (T4) r e s u l t s  were 
o b ta in e d  on serum sam ples s to re d  a t  room te m p e ra tu re , and in  sam ples 
r e p e a te d ly  f ro z e n  and thaw ed . The ELISA r e s u l t s  d id  n o t d em o n stra te  
t h i s  phenomenon. When th o se  sam ples known to  have been f ro z e n  and 
thawed more th a n  tw ic e  were e l im in a te d  from th e  p a t i e n t  g roup , th e  
NSB (T4) s tu d y  r e v e a le d  no serum sam ples w ith  NSB le v e ls  above th o se  
en co u n te red  in  th e  c o n t ro l  g roup .
The NSB (T3) r e s u l t s  were n o t c l a s s i f i e d  in to  in d iv id u a l  p a t i e n t  
g ro u p s , and th o se  r e s u l t s  o b ta in e d  from  sam ples f ro z e n  and thawed more 
th a n  tw ic e  were n o t e x c lu d ed . C onsequen tly  th e  d a ta  were no t a n a ly se d  
in  th e  c u r r e n t  s tu d y . However, in  a  com parison o f  NSB (T4) and NSB (T3) 
r e s u l t s  ( 209) ,  a  s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .6 8  (p <0 .001) 
was o b ta in e d , s u g g e s tin g  some d eg ree  o f  r e la t io n s h ip  betw een th e  two 
s e t s  o f  d a ta ,
ELISA RESULTS
The ELISA (T4) and ELISA (T3) m ethods were a p p lie d  to  th e  s tu d y  
o f  316 serum sam ples from a  v a r i e t y  o f  p a t i e n t s ,  and th e  r e s u l t s  
compared w ith  th o se  from I 58 s u b je c ts  w ith o u t th y ro id  d i s o r d e r s .  No 
u n e q u iv o c a lly  TH BA-positive sam ples were d e te c te d  u s in g  th e  ELISA 
m ethod. On f u r th e r  ex am ination  o f  th e  d a ta ,  i t  was found th a t  8 sam ples 
gave e le v a te d  r e s u l t s  in  one o r more o f  th e  in v e s t ig a t io n s  p e rfo rm ed , 
and th e s e  were c o n s id e re d  a s  p o t e n t i a l  TH BA -positive sam p les . However, 
in  o n ly  one case  was th e  ELISA r e s u l t  e le v a te d  to  a  l e v e l  above t h a t  
f o r  th e  p o s i t iv e  r e fe re n c e  serum , d i l u t e d  1 :2  x  10^. F u r th e r  s tu d ie s  
on th e s e  serum sam ples were hampered by in s u f f i c i e n t  m a te r ia l ,  o r  
d e t e r io r a t i o n  o f  th e  specim ens. However, two f u r t h e r  serum sam ples 
were o b ta in e d  from p a t i e n t  AD. I n v e s t ig a t io n  o f th e s e  sam ples in  th e  
NSB and ELISA system s su g g ested  th a t  b o th  sam ples were n e g a tiv e  f o r  THBA,
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In  g e n e ra l ,  th e  p a t i e n t  group d a ta  from bo th  th e  ELISA and th e  
NSB a s sa y  were low er th a n  th e  c o n t ro l  d a t a .  The s ig n i f ic a n c e  o f  th e se  
f in d in g s  i s  no t c l e a r ,  b u t may be r e l a t e d  to  serum s to ra g e  c o n d i t io n s ,  
o r to  d i f f e r e n c e s  in  non-THBA im m unoglobulin l e v e ls  in  th e  g ro u p s .
The re p o r te d  in c id e n c e  o f THBA h as  d em o n stra ted  c o n s id e ra b le  
v a r i a t i o n ,  a s  shown in  t a b le  XX. The r e s u l t s  o f  th e  c u r r e n t  s tu d y  
su g g e s t t h a t  THBA a re  a  r e l a t i v e l y  r a r e  phenomenon. Communication 
w ith  o th e r  w orkers (B y f ie ld ,  W a lf ish , C lay to n -H o p k in s , P rem achandra, 
;Paimahd, Paby ,*Podriguez-E sp inosa, K a r ls so n , p e rs o n a l com m unica tions), 
h as  confirm ed  t h i s  s u g g e s tio n .
The r e s u l t s  o f  t h i s  s tu d y  f u r t h e r  in d ic a te d  t h a t  th e  o ccu rren ce  
o f  r a i s e d  TSH v a lu e s ,  in  p a t i e n t s  t r e a t e d  w ith  th y ro x in e ,  d e s p i te  norm al 
o r  e le v a te d  T4 r e s u l t s ,  was u n l ik e ly  to  be due to  th e  p re sen ce  o f  THBA. 
Such a p p a re n t ly  c o n f l i c t i n g  T4 and TSH r e s u l t s  may be due to  en d -o rg an  
r e s i s t a n c e  to  th y ro id  hormones (2 2 0 ) .
The ELISA method was shown to  be s u p e r io r  to  th e  NSB (c h a rc o a l  
s e p a ra t io n )  method in  th e  in v e s t ig a t io n :  th e  l a t t e r  method te n d ed  to
be s e n s i t i v e  to  d e t e r io r a t i o n  o f  th e  serum sam ple. A la c k  o f  r e l a t i o n s h ip  
was observed  betw een th e  ELISA and NSB r e s u l t s ,  s u g g e s tin g  t h a t ,  in  th e  
absence o f  THBA, th e  a s sa y s  d e te c te d  d i f f e r e n t  n o n - s p e c if ic  f a c t o r s .
ADDENDUM
A s in g le  THBA p o s i t iv e  sam ple, o b ta in e d  from th e  B io c h em is try  
D epartm en t, P rim ley  P ark  H o s p i ta l ,  S u rre y , has r e c e n t ly  been  in v e s t ig a t e d .  
I n i t i a l  r e s u l t s  from t h i s  specim en co n firm  t h a t  an e le v a te d  ELISA re sp o n se  
in  r e l a t i o n  to  t h a t  o b ta in e d  from serum BR a t  a  d i l u t i o n  o f  1 :2  x  10^, 
i s  o b se rv ab le  in  th e  p re sen ce  o f  a  TtlBA p o s i t iv e  serum . U n fo r tu n a te ly ,  
how ever, t h i s  specim en was re c e iv e d  to o  l a t e  f o r  in c lu s io n  in  th e  m ain
s tu d y .
T a b le  XX
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R ep o rted  In c id e n ce  o f  THBA
In c id e n ce C l in ic a l  Groups 
S tu d ie d
Method Used* R eference
4 /2400
1/57
6/15
0 /42
16/43
0/7
2 /9
4/25
3 /9
4 in  4 months
20/94
2/30
0/316
V arious
Hashim otos
H ashim otos
Normals (w ith  o r  
w ith o u t e le v a te d  
TBG)
P rim ary  h y p o th y ro id  
and H ashim otos
T hyro id  carcinom a
Secondary
h y p o th y ro id
Graves
G o itre
E u th y ro id
V arious
Autoimmune
t h y r o i d i t i s
V arious
NSB (c h a rc o a l)
NSB (pe g )
E le c tro p h o re s is
NSB (column 
chrom atography) 
a f t e r  p r e ­
tre a tm e n t o f  
serum w ith  
Ammonium 
s u lp h a te
Immuno-
e le c t r o p h o r e s is
A rthus type 
sk in  r e a c t io n
E le c tro p h o re s is
ELISA,and NSB 
(c h a rc o a l)
91
95
9 9
101
105
184 
187 
T his s tu d y
* NSB in d ic a te s  th y ro id  hormone u p ta k e  m ethods, u s in g  th e  s e p a r a t io n  
system  sum m arised in  p a re n th e s e s .  E le c tro p h o re s is  in d ic a te s  
e le c t r o p h o r e s is  o f  serum , p re in c u b a te d  w ith  r a d io l a b e l l e d  horm one, 
fo llo w ed  by a u to ra d io g ra p h y .
In  a l l  o th e r  r e p o r t s  o f  THBA, i s o l a t e d  in d iv id u a l  c a se s  were r e p o r te d .
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CHAPTER IX
SUMMARY OP CONCLUSIONS,
AND SUGGESTIONS POR PURTHER WORK
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SUIvIMRY OF CONCLUSIONS
The p rim ary  o b je c t iv e  o f  t h i s  s tu d y  was to  examine th e  use  o f  
two l a b e l le d  a n tib o d y  te c h n iq u e s  (a  ra d io a s s a y  b ased  a p p ro x im a te ly  on 
th e  IRMA p r in c i p l e ,  and an ELISA p ro ced u re )  in  th e  in v e s t ig a t io n  o f  
some th y ro id  a u to a n tib o d y /a n tig e n  sy stem s.
The i n i t i a l  s tu d ie s  in v o lv ed  th e  use  o f  "^^^lodine la b e l le d  
an ti-hum an  IgG a n t ib o d ie s  in  an a s s a y  f o r  a u to a n t ib o d ie s  d i r e c te d  
a g a in s t  th e  thy ro id , m icrosom al a n t ig e n .  E a r ly  ex p erim en ts  su g g es ted  
t h a t  th e  m ethodology gave a  dose dependant re sp o n se  w ith  r e s p e c t  to  
th e  a u to a n tib o d y , and a t te m p ts  were made to  c a l i b r a t e  th e  a s s a y .
The lo n g  term  p r e c i s io n  o f  th e  method was shown to  be p o o r , and 
f re q u e n t p u r i f i c a t i o n  o f  th e  2 5 l - i a b e l l e d  a n t ib o d ie s  was n e c e s s a ry . 
Because o f th e se  d i f f i c u l t i e s ,  th e  s p e c i f i c i t y ,  s e n s i t i v i t y  and o th e r  
f a c t o r s  in  th e  a s s a y  cou ld  n o t be r e l i a b l y  exam ined, and s tu d ie s  on 
th e  a s s a y  system  w ere co n se q u e n tly  d is c o n t in u e d .
A lthough v a r io u s  ra d io a s s a y  te c h n iq u e s  have been  a p p l ie d  to  
th e  in v e s t ig a t io n  o f  th y ro id  a u to a n tib o d ie s  ( 36 , 39» 4 2 , 43» 9 1 » 97» 98, 
103 , 104 , 106 , 107 , 110- 118) ,  f re q u e n t p u r i f i c a t i o n  o f th e  la b e l le d  
compound (o r  a l t e r n a t i v e l y ,  f re q u e n t p r e p a ra t io n  o f  f r e s h  m a te r ia l )  
i s  a  req u ire m en t o f  such a s s a y s .  T h is  req u irem en t w i l l  o f te n  outw eigh  
th e  ad v an tag es  a f fo rd e d  by r a d io l a b e l s .
An e n zy m e-lab e lle d  a n tib o d y  method (ELISA) u s in g  h o r s e - r a d is h  
p e ro x id a se  la b e l le d  an ti-hum an  IgG a n t ib o d ie s ,  f o r  th e  d e te c t io n  o f  
th y r o id  a u to a n tib o d ie s  was exam ined. The a s sa y  was a p p l ie d  to  th e
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th y r o g lo b u l in /a n t i - th y r o g lo b u l in  a u to a n t ibody  system . The r e s u l t s  
su g g e s te d  th a t  th e  method was p r e c i s e ,  s p e c i f i c  and s e n s i t i v e .  The 
r e s u l t s  c o r r e la te d  w ith  th o se  o b ta in e d  u s in g  a  h a e m a g g lu tin a tio n  
m ethod. C a l ib r a t io n  o f  th e  a s s a y ,  to  en ab le  q u a n t i t a t iv e  r e s u l t s  
to  be p ro duced , was shown to  be d i f f i c u l t  due to  th e  d i f f e r i n g  a v i d i t i e s  
o f  th e  a u to a n t i s e r a ,  w hich a re  r e f l e c t e d  in  th e  ELISA r e s u l t s .  The 
r e s u l t s  o f  o th e r  a s s a y s  f o r  a n t ib o d ie s  w i l l  be s im i la r l y  in f lu e n c e d  by 
th e  a v i d i t i e s  o f  th e  t e s t  a n t ib o d ie s ,  and r e s u l t s  o f  such a s s a y s ,  
quo ted  in  mass c o n c e n tra t io n  u n i t s  may be u n r e l i a b le .  However, r e s u l t s  
r e p o r te d  in  t h i s  way may become a c c e p te d  a s  th e  o n ly  means by w hich 
such  a s sa y s  may be c a l ib r a t e d  and s ta n d a rd is e d .
ELISA methods f o r  th e  d e te c t io n  o f  a n t i - th y r o g lo b u l in  a u to -  
a n t ib o d ie s  have been r e p o r te d  by o th e r  w orkers ( l 6 2 , 163, 164, 2 2 1 ), 
and an  ELISA method f o r  th e  d e te rm in a tio n  o f  a n t i —th y ro id  m icrosom al 
a u to a n t ib o d ie s  has a ls o  r e c e n t ly  been  r e p o r te d  (2 2 2 ) . U n t i l  th e  
d i f f i c u l t i e s  o f  r e p o r t in g  r e s u l t s  (131) a re  overcom e, how ever, i t  i s  
u n l ik e ly  t h a t  such m ethods w i l l  r e p la c e  th e  h a e m a g g lu tin a tio n  m ethods 
in  common u s e ,  in  w hich r e s u l t s  r e p o r te d  as  th e  t i t r e  o f  th e  a n tis e ru m  
have become w id e ly  a c c e p te d .
Enzyme l a b e l l i n g  has been r e p o r te d  to  g iv e  p ro d u c ts  w hich a re  
s t a b l e  on s to ra g e  (136 , 137) ,  c o n fe r r in g  g r e a te r  lo n g -te rm  s t a b i l i t y  on 
a s s a y s  th a n  when ra d io  la b e ls  a re  u se d . The c u r r e n t  s tu d y  confirm ed  
t h i s  a s  a  m ajor advan tage o f  enzyme l a b e l s .
The u se  o f  p u re  a n t ig e n  i s  a  s t r i c t  req u ire m e n t ii i  ELISA 
p ro c e d u re s  and o th e r  a s sa y s  f o r  a n t ib o d ie s ,  in  o rd e r  to  e n su re  th e  
s p e c i f i c i t y  o f  th e  m ethods. The th y ro g lo b u lin  and m icrosom al p r e p a r a t io n s  
u sed  in  th e se  s tu d ie s  were exam ined f o r  p u r i t y ,  by ch ro m ato g rap h ic
276
p ro c e d u re s  m on ito red  i n d i r e c t l y  by  th e  ELISA m ethod. T h is  w ork, a s  
w e ll  a s  d e m o n s tra tin g  th e  co n ta m in a tio n  o f  th e  a n t ig e n  p r e p a ra t io n s  an d  
t h e i r  p u r i f i c a t i o n ,  a ls o  showed th e  u s e fu ln e s s  o f  th e  ELISA system  in  
such p ro c e d u re s  where q u a n t i ta t iv e  r e s u l t s  a re  n o t r e q u i r e d ,  b u t where 
f l e x i b i l i t y  o f  th e  a s s a y  system  and ease  o f  use a re  n e c e s s a ry .
The ELISA method was a ls o  a p p lie d  to  th e  d e te c t io n  o f  THBA. 
I n i t i a l  work was hampered by  d i f f i c u l t i e s  in  im m o b ilis in g  T4 and T3 on 
th e  p o ly s ty re n e  m a tr ix  in  such a  way a s  to  f a c i l i t a t e  t h e i r  in t e r a c t io n  
w ith  a n t ib o d ie s .  In  t h i s  s tu d y , in te rm e d ia te  c o v a le n t c o u p lin g  o f  th e  
hormones to  s u c c in y la te d  p o ly - l - ly s in e  was used  to  overcome t h i s  
d i f f i c u l t y .  An a l t e r n a t i v e  sy stem , c o n s i s t in g  o f  c o u p lin g  a  h ap ten  
to  diam inohexane and im m o b ilis in g  th e  p ro d u c t on g lu ta ra ld e h y d e  t r e a t e d  
p o ly s ty re n e  has been r e p o r te d  by S u te r  (206) f o r  th e  d e te c t io n  o f  
a n t i - h a p te n  a n t ib o d ie s .
The n e g a tiv e  f in d in g s  in  th e  c l i n i c a l  in v e s t ig a t io n s  f o r  THBA 
a re  n o t s u r p r i s in g  when co n s id e re d  r e t r o s p e c t iv e l y .  The c o m p a r itiv e ly  
r a r e  o ccu rren ce  o f  THBA h as been confirm ed  by o th e r  w o rk e rs , and in  
many s tu d ie s  THBA have been  d is c o v e re d  f o r t u i t o u s l y  r a th e r  th a n  by 
sy s te m a tic  s e a rc h .
In  g e n e ra l ,  th e  ELISA method h as  been  found u s e f u l  in  th e  
i n v e s t ig a t io n  o f  th y ro id  a u to a n t ib o d ie s ,  and in  th e  in v e s t ig a t io n  o f  
th y ro id  a u to a n tig e n s  v ia  t h e i r  com plem entary a u to a n t ib o d ie s .  The 
d i f f i c u l t i e s  a s s o c ia te d  w ith  c a l i b r a t i o n  o f  th e  a s s a y s  i s  common to  
a l l  a s s a y s  f o r  a n t ib o d ie s ,  and shou ld  n o t n e c e s s a r i ly  p re c lu d e  th e  
u se  o f  th e  ELISA te c h n iq u e  fo r  th y ro id  autoimmune s tu d i e s .  A lthough 
th e  method i s  n o t w id e ly  a c c e p te d  a s  a  ro u t in e  l a b o ra to r y  t e s t i n g
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p ro ced u re  f o r  th y ro id  a u to a n t ib o d ie s ,  i t  u n d o u b ted ly  has a  p la c e  in  
in v e s t ig a t iv e  p ro ced u re s  where i t s  f l e x i b i l i t y  and ea se  o f  use p e rm it 
i t s  a d a p ta t io n  to  many d i f f e r e n t  a p p l i c a t io n s .  The ELISA system  may 
be a p p lie d  in  i t s  s im p le s t  form w ith  v i s u a l  e v a lu a t io n  o f  th e  r e s u l t s ,  
o r  in  a  s o p h is t ic a te d  form , where c o n s id e ra b le  au to m atio n  o f  th e  
p ro c e d u re , in c lu d in g  th e  c o lo r im e tr ic  e n d -p o in t a s se s sm e n t, may be 
accom plished  u s in g  a p p a ra tu s  such a s  t h a t  e v a lu a te d  in  t h i s  study*
SUGGESTIONS FOR FURTHER WORK
The ELISA m ethods, w hich have been shovm to  be o f  v a lu e  in  
th y ro id  auto im m unity  s tu d i e s ,  may be a p p lie d  to  th e  in v e s t ig a t io n  o f  
f u r th e r  th y ro id  a u to a n tib o d y /a n tig e n  system s (e g . th e  T S H -re la ted  
a n t ig e n /a n t ib o d y  sy s te m ). A d d i t io n a l ly ,  th e  ELISA m ethodology may 
prove u s e f u l  in  th e  in v e s t ig a t io n  o f o th e r ,  n o n - th y ro id  autoimmune 
phenomena. An in t e r e s t i n g  p o te n t i a l  a p p l ic a t io n  i s  th e  in v e s t ig a t io n  
o f  au toan tibody /enzym e com plexes, u s in g  a  m od ified  a s s a y .  I t  may be 
p o s s ib le  to  d e te c t  im m u n o g lo b u lin /a lk a lin e  p h o sp h a tase  com plexes (223) 
f o r  in s ta n c e ,  by t r a p p in g  th e  com plexes u s in g  im m obilised  an ti-hum an  
im m unoglobulin a n t ib o d ie s ,  ad d in g  an a lk a l in e  p h o sp h a tase  s u b s t r a t e ,  
and o b se rv in g  any subseq u en t c o lo u r  developm en t. There would th u s  be 
no req u ire m en t f o r  an enzym e/an tiserum  c o n ju g a te  in  t h i s  sy stem .
A s im i la r  p ro c e d u re , u s in g  Sepharose a s  im m o b ilisa tio n  m a tr ix ,  has 
been  re p o r te d  ( 224) .
I n v e s t ig a t io n s  a re  c o n tin u in g  in to  th e  o ccu rren c e  o f  THBA in  
serum sam ples showing anomolous th y ro id  hormone r e s u l t s .  The o r ig in s  
o f  THBA may a ls o  be o f  i n t e r e s t  f o r  f u r th e r  s tu d y . A lthough th e re  i s  
s t r o n g  ev idence t h a t  THBA a re  p r im a r i ly  d i r e c te d  a g a in s t  th y ro g lo b u lin  
(8 4 , 93 , 97, 101, 104 , 181, 183 , 185 , 186 , 190 , 1 9 3 ), th e re  has been  
r e c e n t  ev idence  (C u sik  P p e rs o n e l com m unication) t h a t  one THBA p o s i t i v e
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serum  a l s o  d em o n stra te s  au to im m u n o re a c tiv ity  a g a in s t  TBG and V idnes 
e t  a l .  ( 225) have r e c e n t ly  re p o r te d  th e  o ccu rren ce  o f  THBA in  th e  
absen ce  o f  d e te c ta b le  a n t i th y r o g lo b u l in  a u to a n t ib o d ie s .  E xam ination  
o f  th e  r e a c t io n  o f THBA w ith  TBG, album in and p re -a lb u m in  may prove 
u s e f u l .  A re c e n t r e p o r t  o f  a  17 & h y d ro x y p ro g este ro n e  b in d in g  
im m unoglobulin (226) i s  o f  i n t e r e s t  in  t h i s  c o n te x t ,  s in c e  t h i s  s t e r o id  
has no p re c u rs o r  p r o te in  m acrom olecule analogous to  th y ro g lo b u lin .
The f in d in g  o f  a  th y r o x in e - r ic h  io d o p ro te in  a s s o c ia te d  w ith  
th y ro g lo b u l in  (227) i s  a ls o  o f  i n t e r e s t ,  and an ex am in a tio n  o f  th e  
r e a c t io n  o f  THBA w ith  t h i s  p r o te in  would be u s e f u l .
The d e m o n s tra tio n  o f  a  r e a c t io n  o f  h e te ro lo g o u s  a n t i-T 4  
a n t ib o d ie s  w ith  th y ro g lo b u lin  ( 192 , 228). has  prom pted an ex am in a tio n  
in  t h i s  la b o ra to ry  in to  th e  e x te n t  o f  c ro s s  r e a c t i v i t y  o f  th y ro g lo b u lin  
in  radioim m unoassays f o r  T4 and T3. The ELISA system  i s  c u r r e n t ly  in  
u se  to  confirm  th e  r e a c t i v i t y  o f  v a r io u s  a n t i s e r a  w ith  th y ro g lo b u l in .
In  c o n c lu s io n , th e  ELISA system  has been shown to  be u s e f u l  
in  th e  in v e s t ig a t io n  o f  v a r io u s  a u to a n tib o d y /a n tig e n  r e a c t io n s ,  and 
h as  th e  p o t e n t i a l  to  be a p p lie d  to  s e v e ra l  in v e s t ig a t iv e  p ro c e d u re s  
in  au to im m unity  s tu d i e s .
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Summary
Thyroid microsomes for use in assay systems for anti-thyroid-microsomal anti­
bodies are normally prepared by ultracentrifugation.
By means of gel filtration studies we show that preparations made in this way are 
invariably contaminated with thyroglobulin.
A further purification by gel filtration is described which enables the preparation 
of thyroid microsomes of sufficient purity for use in a micro-ELISA method for the 
measurement of anti-thyroid-microsomal antibodies. Microsomes prepared in this 
way would also be suitable for haemagglutination and radioassays, which are also 
affected by thyroglobulin contamination.
Introduction
Autoantibodies directed against thyroid microsomes have been demonstrated in 
the serum of patients suffering from various forms of thyroid autoimmune disease. 
The methods commonly used for the detection of this autoantibody are haemagg­
lutination [1],- immunofluorescence [2] and, more recently, radioassay [3]. The 
immunofluorescence method requires the use of thin cryostat sections of thyroid 
tissue, and is not considered further in this context, since the microsomal antigen is 
not fractionated in vitro, as is necessary for the other two methods.
The method generally used for the preparation of the microsomal antigen is 
differential ultracentrifugation [3], the microsomes being obtained in the pellet 
obtained after 78000 X g centrifugation.
In the haemagglutination assay for microsomal autoantibody, the preparation 
obtained by this means is attached to sensitised red cells from sheep or turkey. In the
* To whom correspondence should be addressed.
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radioassay method, the microsomes are passively adsorbed onto a solid phase (the 
surface of polyvinyl microtitre plate wells).
An indirect micro-ELISA method has been developed in this laboratory for the 
detection of thyroglobulin-directed autoantibody [4]. In the adaptation of this 
method for the detection of autoantibodies against the microsomal antigen, inter­
ference from thyroglobulin autoantibodies was invariably found. In order to test the 
antigen preparation for purity, it was decided to chromatograph the suspension on 
Sepharose-2B; this procedure is useful for the fractionation of very high molecular 
mass substances and particulate substances which are able to penetrate the spaces in 
the gel (9-38 jam). The method has previously been used for the preparation of rat 
liver microsomes [5].
Materials and methods
Ultracentrifugal preparation of the microsomal antigen
Thyroid glands are firstly homogenised and sieved. The suspension thus obtained 
is centrifuged at 1100 X g for 30 min and then at 10000 X g for 10 min to remove 
cellular material, nuclei and mitochondria. The microsomal fraction is then sedi- 
mented by centrifugation of the supernatant at 78000 X g for 90 min. The micro- 
some pellet is washed twice by repeating the ultracentrifugation after homogenisa­
tion. The pellet obtained at the end of this procedure is then solubihsed, usually by 
the use of 10 kHz ultrasonic disintegration.
Haemagglutination method
The haemagglutination method has been fully described previously [1]. The 
method is currently available in kit form (Wellcome Reagents Ltd., Beckenham, 
Kent, UK).
The Wellcome kit method uses turkey red cells instead of the conventional sheep 
red cells; this has a significant advantage since it reduces the incidence of non-specific 
reactions to the red cells.
Radioassay method
In this assay, the thyroid microsomes are immobilized on the surface of polyvinyl 
microtitre plate wells. To the wells are added diluted serum (or standard), and a 
preparation consisting of iodine-labelled immunoglobulins from the serum of a 
patient with a very high level of microsomal autoantibodies. Competition of the 
labelled and unlabelled autoantibodies for the antigen takes place, and, after 
incubation, this mixture is removed, the plate washed, and the individual wells cut 
out and counted. The amount of radioactivity bound varies inversely with the level 
of microsomal autoantibody in the standard or sample, as in classical radioim­
munoassay procedures.
Indirect micro-ELISA method
This method for autoantibodies directed against the microsomal antigen is
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presently under development in this laboratory. The basic methodology has been 
documented elsewhere [4].
The enzyme-labelled anti-human IgG was a gift from Dr. A. Bartlett, Nuffield 
Laboratory for Comparative Medicine, London, UK; the enzyme label was horse­
radish peroxidase, using o-phenylene diamine as substrate, and terminating the 
reaction with sulphuric acid. The resultant colour was measured in a Vitatron UPS 
colorimeter equipped with a micro flow-through cuvette, at 492 nm.
Microsomal antigen preparation
The initial preparation of this antigen was by the ultracentrifugation method [3] 
outlined previously. Three thyroid glands were obtained from patients undergoing 
thyroidectomy for thyrotoxicosis. The three glands were combined for the prepara­
tive procedure.
Gel filtration was performed using Sepharose 2B (Pharmacia UK Ltd., Hounslow, 
Middlesex, UK). The gel, after debubbhng, was carefully poured into a glass column 
(2.5 cm ID X 22 cm) and allowed to settle. (The column was fitted with a porous 
polyethylene pad to prevent loss of the gel, but to allow free passage of the 
microsomes.) The column was then washed with 100 ml phosphate-buffered saline 
(pH 7.2, 0.15 mol/1, and 0.5 ml of the microsomal extract applied to the top of the 
gel, care being taken not to disturb the packing. Elution was carried out with 
phosphate-buffered sahne, with a flow rate of 30 ml • h“ *. 48 fractions (each of 1 ml 
volume) were collected. Each fraction was then diluted 1:4 with PBS and the 
absorbance at 210 nm measured. A 40 jal ahquot of each diluted fraction was then 
further diluted to 5 ml with carbonate/bicarbonate buffer, pH 9.6, (to give an 
overall dilution o f 5 X 1 0 “ ^) and 250 jul of each diluted fraction were added to each 
of four wells of a micro titre plate.
After an overnight incubation in a moist chamber at 37 °C, the plates were 
emptied and washed. Using a serum sample known to contain high levels of 
antibodies directed both against the microsomal antigen and against thyroglobulin, 
.three dilutions were made, at 1 X 1 0 “ ,^ 1 X 1 0 “  ^ and 1 X 10“ "^ with phosphate^ 
Suffered saline containing 0.05% Tween; 250 jal were added to three of the wêlls 
prepared for each elution fraction. A 250-jal aliquot of PBS/Tween was added to the 
other well for each fraction. The plates were then incubated for 6h  in a moist 
chamber at room temperature, emptied and washed. The horse radish 
peroxidase/anti-human IgG conjugate (at a dilution of 5 X 10“ “^) was then added, 
and an overnight incubation carried out at room temperature. After emptying and 
washing the plate, the enzyme reaction was performed and the resultant colour 
measured for both the positive and negative serum samples at each elution fraction.
Results
The elution pattern obtained is shown in Fig. 1, which also shows the absorbances 
obtained from the ELISA reaction on each fraction using the autoantibody positive 
serum and the buffer. It can be seen from the elution diagram that the microsomal 
antigen is eluted in the void volume, and that a further peak is eluted with a
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Fig. 1. Chromatography of a thyroid microsomal extract on Sepharose 2B. The elution line represents the 
absorbance at 210 nm obtained from a dilution of each 1-ml fraction eluted from the column. The buffer 
and serum lines represent the optical densities obtained by ELISA on each fraction as described in the 
text.
maximum absorbance at 210 nm in the 30-32 ml fractions.
The eluate obtained in fractions 12-15 was noticeably opaque, and the suspen­
sion was more stable (i.e. less prone to sedimentation) than the “solubilised” 
suspension of the unchromatographed microsomes. (For the purpose of this experi­
ment the latter was diluted to a protein concentration similar to that of the 
chromatographed antigen.) This result is similar to the findings of Tangen et al [5], 
with rat liver microsomes.
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The elution of the second peak was compared with that of thyroglobulin (molecu-' 
lar mass approximately 660000) prepared by the method of Derrien and Roche [6]. 
This was found to be eluted at the same position, suggesting that the microsomal 
antigen was contaminated by thyroglobuhn. The results of the ELISA experiment 
show that a reaction has taken place with the immobilised antigens in fractions 
12-43, with a distinct peak in the region of fractions 20-34 (corresponding to 
thyroglobulin) and a lesser peak at the region of the void volume, corresponding to 
the microsomes. The results of this experiment were, however, not unequivocal since 
there is some overlap of the two antigens in the area of fractions 16-18, Thus in this 
region, it is hkely that both autoantibodies would be reacting with their particular 
antigen in the same well. It may also be seen that the dilutions of serum used were 
not optimal for the demonstration of both the thyroglobulin and microsomal 
antibodies concurrently.
The wells incubated with buffer only showed no response in the ELISA investiga­
tion. In a separate experiment, a non-autoimmune serum showed a similar pattern to 
that obtained with buffer only.
For the purpose of establishing an ELISA method for the quantitation of the
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Fig. 2. Re-chromatography of microsomal peak from previous elution, on Sepharose 2B. The elution line 
represents the absorbance at 210 nm obtained from each 1-ml fraction eluted from the column. The 
ELISA lines labelled M-f and TG + represent the absorbances obtained by ELISA on each fraction, 
using microsomal positive (M -f) or thyroglobulin positive (TG-f) serum samples, and a peroxidase- 
labelled goat anti-human IgG antiserum.
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Fig. 3. Re-chromatography of thyroglobulin peak from previous elution, on Sepharose 2B. The elution 
line represents the absorbance at 210 nm obtained from each 1-ml fraction eluted from the column. The 
ELISA lines labelled M-f and T G + represent the absorbances obtained by ELISA on each fraction, 
using microsomal positive (M -f) or thyroglobulin positive (TG-f) serum samples, and a peroxidase- 
labelled goat anti-human IgG antiserum.
microsomal autoantibody, fractions 10-13 inclusive from the elution were removed 
and pooled. In order to check for further contamination with thyroglobuhn, 2 ml of 
this pool (obtained in a separate elution) was re-chromatographed. Measurement of 
the absorbance at 210 nm of each fraction showed no thyroglobuhn peak.
Each fraction of the eluate from this chromatography was diluted and subjected 
to ELISA using either a serum sample positive for microsomal autoantibodies only 
or for thyroglobuhn autoantibodies only. This experiment was also performed with a 
re-chromatographed pool of fractions 27-32 from the original elution. The results of 
these experiments are shown in Figs. 2 and 3. It may be seen from the Figs. that the 
microsomal and thyroglobuhn peaks are not cross-contaminated.
Discussion
The gel-chromatographic purification of thyroid microsomes shows that this 
antigen when prepared by ultra-centrifugation is grossly contaminated by thyrog­
lobuhn. In any assay for autoantibodies directed against the microsomal antigen, 
account must be taken of this contamination.
In the Wellcome Thymune M kit for the detection of microsomal autoantibody, 
large amounts of thyroglobuhn are added to the buffer used in the assay, in order to
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adsorb the thyroglobulin autoantibodies, thus preventing their reaction with any 
thyroglobuhn hnked to the sensitised red cells.
In the radioassay of Mori et al [3], provided that the serum used for ’^ ^iodine- 
labelling is completely free of thyroglobuhn autoantibody, the contamination of the 
microsomal antigen with thyroglobuhn will be unimportant. The methods available 
to estabhsh that a serum sample is free of thyroglobuhn autoantibodies are, however, 
subject to some defects, and even very low levels of this antibody, if labelled 
concurrently with the microsomal autoantibody, will lead to interference in the 
assay.
In the indirect micro-ELISA method for microsomal autoantibodies, since the 
antigen is passively adsorbed onto the solid phase, interference will occur if the 
antigen is contaminated. The addition of large amounts of thyroglobuhn to the assay 
buffer may lead to the passive adsorption of even more of this antigen to the solid 
phase. It would therefore be advisable to remove all the contaminating thyroglobuhn 
before immobilising the antigen. The method presented appears to accomplish this, 
facilitating the development of a specific assay for autoantibodies directed against 
the thyroid microsomal antigen.
Preliminary results of an indirect micro-ELISA method for the quantitation of 
microsomal autoantibody suggest that the method is specific, showing no inter­
ference from the thyroglobuhn autoantibody.
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A simple micro-ELISA method for the assay of 
antithyroglobulin autoantibodies in human serum
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From the Ashford Hospital, London Road, Ashford, Middlesex and the * University o f  Surrey, Guildford
SUMMARY An indirect, enzyme-linked immunosorbent assay is described for the assay of thyroid 
autoantibodies, particularly those directed against thyroglobuhn. The method is specific, sensitive 
and precise, and may be automated. The results are shown to correlate well with those obtained by 
the haemagglutination method.
The occurrence of antibodies directed against thyro- assay. ® These methods have been shown to be very
globulin has been well demonstrated in the blood of 
patients with autoimmune thyroid disease.^"®
Thyroid autoantibodies have been investigated 
classically by means of precipitin reactions,^ latex 
fixation,^ immunofluorescence® ® and haemaggluti­
nation.’ M ore recently, radioassays have also been 
used.® ® However, all o f these methods have draw­
backs. The precipitin reaction, by which the anti­
bodies were first demonstrated, has taken a number 
of forms, including radial immunodiffusion,® 
counter immunoelectrophoresis^® and double diffu­
sion.^^ These methods show up to three precipitin 
reactions, but are generally not quantitative, and 
their lack of sensitivity makes them useful only in 
the later, lymphocytic, stages of thyroid disease.
Latex fixation has now been superseded by the 
haemagglutination method. Immunofluorescence is a 
technique which can have high sensitivity and speci­
ficity. However, the m ethod requires sections cut 
from thyrotoxic thyroid glands removed at thyroid­
ectomy, and the use of ultraviolet fluorescence micro­
scopy (although the newer techniques with enzyme- 
labelled antibody or the peroxidase/antiperoxidase 
system allow the use of normal microscopy). The 
technique is also non-quantitative, and requires 
experience for good assessment of results.
Haemagglutination is very sensitive but is sub­
jectively assessed, and requires some experience for 
interpretation. It will only detect those antibodies 
which possess agglutinating properties, and reports 
have recently appeared^® on the occurrence of an 
agglutination inhibition factor.
Two types of radioassay have been developed for 
the quantification of thyroglobulin autoantibodies, 
the coprecipitation method,® and the competitive
Accepted for publication 25 February 1981
sensitive but require the radiolabelling of either 
thyroglobulin (in the former method) or thyroglo­
bulin autoantibodies (in the latter). Both assays 
suffer from the hazards associated w ith the use of a 
radioactive label.
W ith the introduction of the enzyme-linked 
immunosorbent assay ( E L I S A ) t h e  detection of 
antibodies has been facilitated.^^ However, this 
method has been applied to very few assays for auto- 
antibodies.^®
This paper presents the application of the indirect 
micro-ELISA method to the investigation of thyro­
globulin autoantibodies. The method presented, 
using microtitre plates, allows the simultaneous 
assay of 28 specimens in duplicate. I t is sensitive, 
specific, has an objective end-point and the results 
obtained relate well to those obtained by haemagglu­
tination.
A similar method has recently been described by 
Voiler et ald'^ The results are similar to those pre­
sented in this paper, but these authors conclude that 
their method lacks the sensitivity of haemagglutina­
tion.
M aterial and methods
M A T E R I A L
Microtitre plates: square form polystyrene plates 
obtained from Dynatech Laboratories Ltd, Daux 
Road, Billingshurst, Sussex, UK. Although the 
microtitre plates used have 96 wells, because of in­
consistencies in binding characteristics of the peri­
pheral wells,^® only the 60 internal wells were used.
Peroxidase-anti-lgG conjugate: obtained as a gift 
from D r A Bartlett, Nuffield Laboratories o f Com­
parative Medicine, The Zoological Society of 
London, Regents Park, London, N W l.
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Buffers: (1) Coating buffer; carbonate/bicar­
bonate buffer, pH  9 6, 1 59 g NagCOg, 2 93 g 
NaHCOg made up to one litre with distilled water. 
This buffer was prepared freshly every week. (2) 
Wash buffer; PBS/Tween, pH  7-4, 40 g NaCl, 1 g 
KHgPOi 14-5 g NagHP0 4 .12Hg0 , 1 g KCl and 
2-5 ml Tween 20 made up to 5 litres with distilled 
water. (3) Substrate buffer (for use with orthopheny- 
lenediamine substrate) ; citrate/phosphate buffer, pH 
5-0. 24-3ml; 0-1 M citric  acid, 25-7 ml; 0-2 M  disod­
ium hydrogen orthophosphate made up to 1 litre.
Substrate fo r  the peroxidase enzyme reaction: 
orthophenylenediamine (OPD) with hydrogen per­
oxide. 20 mg OPD was dissolved in 50 ml citrate/ 
phosphate buffer and 20 pi HgOg were added. This 
solution must be made up freshly immediately before 
use.
Stopping solution fo r  the enzyme reaction: 2-5 M  
H2SO4.
Optical densities were measured on a Vitatron UPS 
universal colorimeter using a 492 nm filter and micro 
flow-through cuvette.
Haemagglutination assays were performed using 
Wellcome Thymune T and Thymune M Kits. 
Immunofluorescence was performed using Kalle- 
stadt FITC conjugated G oat anti-IgO, -IgA and 
-IgM sera (Atlantic Antibodies, American Hospital 
Supply, Station Road, Didcot, Oxon).
Thyroglobulin antigen: Three thyroid glands were 
removed as soon as possible post mortem from 
cadavers with no known antemortem thyroid disease, 
and deep-frozen immediately. Cryostat sections were 
taken, and investigated for the presence of thyro­
globulin autoantibodies, using direct immuno­
fluorescence, with an anti-human IgG serum/ 
fluorescein isothyocyanate conjugate. All three 
thyroids were apparently free of antibodies by this 
method. The thyroglobulin was then extracted from 
the thyroids and purified by the differential ammo­
nium sulphate precipitation method of Derrien et 
ald^
In previous experiments, it was shown that thyro­
globulin extracts prepared in this way were invari­
ably contaminated by the microsomal antigen. Since 
the microsomal antigen is particulate, it may be 
effectively removed from the thyroglobulin prepara­
tion by chromatography on Sephacryl S-300 super­
fine. The extract was therefore chromatographed on 
a Sephacryl S-300 superfine column, 22 x 1-6 cm 
using phosphate-buffered saline, pH  7-2, 0-15 M. 
Forty fractions, each of 1 ml were collected. The 
optical density at 210 nm was measured on a 1/5 
dilution of each fraction, and 250 pi of a 10“  ^dilution 
of each fraction (in carbonate/bicarbonate buffer) 
was incubated in the wells of microtitre plates. For 
each fraction, three wells were prepared, and the
micro-ELISA procedure outlined below was per­
formed on these, using a serum sample with a high 
haemagglutination titre, a serum sample with an 
undetectable haemagglutination titre, or a sample 
containing buffer only. The positive and negative 
sera were diluted 1/ 100.
The elution pattern together with the ELISA 
optical densities are shown in Fig. 1. From  this it 
may be deduced that, since there is a peak in both 
the negative serum and buffer graphs at fractions 12 
to 19, this fraction of the thyroglobulin extract is 
contaminated with IgG. W hether this IgG is auto­
antibody, attached or unattached to thyroglobulin, 
is unknown.
The contamination of the eluate with IgG in these 
fractions was confirmed by radial immunodiffusion 
against a donkey antihuman IgG antiserum. The 
results of this experiment are also shown in Fig. 1. 
The remainder of the eluate showed undetectable 
concentrations of IgG by this method.
High ti tre  serum  
Low titre  serum  
B utter
AO
0 5
AO
Elution v o lu n e  (ml )
Fig. 1 Chromatography o f  a thyroglobulin preparation 
on Sephacryl S-300 superfine. The elution line represents 
the optical density at 210 nm obtained from  a dilution o f  
each one ml fraction eluted from  the column. The high 
titre serum, low titre serum, and buffer lines represent the 
optical densities at 492 nm obtained after performing an 
ELISA assay on a dilution o f  each fraction, as described 
in the text. The diameters o f  the radial immunodiffusion 
{RID) rings obtained by reacting the eluate fractions 
against a donkey antihuman IgG antiserum are also 
shown.
It may be seen that the maximum differentiation 
between the positive and negative sera occurred in 
fractions 7-11 inclusive. These fractions were pooled, 
and used as the thyroglobulin antigen. The pooled 
fractions were divided into 200 pi aliquots which
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were deep frozen until used. No deterioration was 
seen in the antigen in six months.
METHODS
Basic indirect micro-ELISA methodology
1 The antigen was diluted in coating buffer, and 
250 pi were pipetted into the wells of the microtitre 
plate. The plate was then incubated in a moist 
chamber for 18 h. Incubation at 37°C gave a binding 
of antigen 47-8% higher than that at 4°C, and 
tended to give more reproducible results (coefficients 
of variation for 37°C and 4°C were 2-6% and 4-5% 
respectively).
2 The antigen was poured from the plate, and 
three washes with the wash buffer carried out, with a 
three-minute soak at each wash (this procedure was 
performed by flooding the entire plate with buffer, 
standing for 3 min then pouring off the buffer into a 
sink).
3 The serum samples under investigation were 
diluted in wash buffer, and 250 pi were added to 
appropriate wells. The plate was incubated in a 
moist chamber for 3-5 h at room temperature. After 
this period the plate was emptied and washed as in 
step 2.
4 The diluted peroxidase-antihuman IgG anti­
serum was added. The dilution of conjugate used 
depends upon the required incubation time: with the 
conjugate used in this study, it was found that a 
dilution of 2 x  10“® and an incubation time of three 
hours gave results which were equivalent to those 
using a dilution of 5 x 10“  ^with an overnight incuba­
tion. (The conjugate was diluted in the wash buffer, 
and the incubation was carried out at room  tem­
perature.)
5 A t the end of the incubation period, the plate 
was again emptied and washed.
6 The substrate solution was made up and 250 pi 
added to each well. After an appropriate time (estab­
lished by visual inspection of the colour) the reaction 
was stopped by the addition of 50 pi of 2-5 M H 2SO4 
to the wells. The enzyme reaction was carried out at 
room  temperature.
7 The optical density of the contents of each well 
was measured at 492 nm against a  water blank.
OPTIMISATION OF ANTIGEN AND SERUM 
DILUTIONS
In order to investigate the optimum dilutions of both 
the antigen and the serum samples, they were titrated 
against each other. Two samples were chosen, one of 
which was shown by haemagglutination to  be nega­
tive for thyroid autoantibodies, the other to have a 
high titre. Dilutions of both samples, from 10“  ^ to 
10“  ^ were then incubated in wells previously coated 
with dilutions of the thyroglobulin antigen ranging
from 10“  ^to 10“ \  After incubating the plate for four 
hours and washing, peroxidase-labelled antihuman 
IgG antiserum was added, at a dilution of 5 x 10“®, 
and incubation carried out overnight at room tem­
perature. After washing the plate, the enzyme reac­
tion was carried out, and the optical densities 
measured. In  this way, the ratio of readings for the 
high and low sera were determined for each dilution 
of the serum, at each dilution of the antigen prepara­
tion. From  this titration it was established that the 
optimum dilutions of antigen and serum were 10“® 
and 10“ ® respectively. The dilution of antigen corres­
ponds to the addition of approximately 300 ng 
thyroglobulin per well, since the protein concentra­
tion of the pooled fractions 7-11 from the chromato­
graphic separation was determined at 1-3 g/1. The 
dilution of the peroxidase-linked antiserum was not 
as critical as the dilutions of antigen and autoanti­
serum. It is im portant only that sufficient labelled 
antiserum should be available to bind to all the 
available autoimmune IgG. Thus, as mentioned 
above, dilutions of 2 x  10“ ® and 5 x  10“  ^gave similar 
results, with incubation times of three hours and 
overnight respectively. In this study, only autoanti­
bodies of the “ G ” class were investigated. It has been 
shown®® that the majority of autoantibodies occur 
in this class.
Results
The results of the indirect micro-ELISA method used 
in this study are expressed in terms of a ratio of the 
optical density of the test serum to  that obtained 
from a  pooled serum established as negative for 
thyroid autoantibody activity by haemagglutination, 
immunofluorescence, and the biochemical and 
clinical euthyroidism of the donors. The optical 
density obtained from a well containing buffer only 
is subtracted from all the optical densities before 
this ratio is obtained. The validity of this means of 
expressing the results is discussed later.
Serum samples from laboratory personnel and out­
patients with no biochemical or clinical evidence or 
family history of thyroid disease were assayed. The 
mean OD ratio obtained from these samples was 
1 -06, with a  range ( ±  2 SD) of 0-09 to 2-20 (n =  61).
The within-batch precision of the method was 
4-5% (coefficient o f variation) and the between- 
batch precision was assessed on seven normal sera 
and two sera with raised concentrations, in six 
separate assays. The results of the latter are shown 
in Table 1. (The results from serum 28 contain one 
outlier.)
In order to establish the validity of the method, a 
number of samples which had previously been 
assayed by the haemagglutination method were
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T able 1 Between-batch precision o f  ELISA method for  
thyroglobulin autoantibodies
Mean 
OD ratio
Standard
deviation
Coefficient 
o f  variation (%)
CRS 0-95 0 36 3-82
PC 1 46 0-15 10-40
PM 0 94 005 5-40
RG 1 38 0-13 . 9-08
MJ 0 99 0-07 7-14
9 2 08 0-12 5-76
28 1-40 0-36 25-60
A 24-77 1-88 7-57
C 6-95 0-44 6-39
assayed by the new system.
The results of the comparison are shown in Fig. 2. 
It will be seen from this graph that although there is 
a general agreement in the results, some discrepan­
cies occur.
y=2-299x + 1 005 
whereTGHA titre=10x2' 
r= 0 884
o 2 0 '
EK)'
Thyroglobulin  au toonlibody  h a e m a g g lu tin a tio n  titre
viously. In the indirect micro-ELISA method for 
antibodies against infectious diseases, this is the 
recommended procedure for expressing results, since 
variations of binding affinities of antibody species 
make the expression of results, in concentration 
terms, dubious.
As a simple test o f the variation of binding affini­
ties of these autoantibodies, three serum samples 
with different titres o f thyroglobulin autoantibodies, 
and five serum samples with no detectable antithyro­
globulin activity were assayed in serial tenfold dilu­
tions, from 10“  ^ to 10~®. Using the graphs obtained, 
a logit/log transform was performed, and the slopes 
of the lines obtained were taken to give an approxi­
mation of the affinity of binding of each serum. The 
results are shown in Table 2. The experiment demon­
strated a variation in slope of the logit/log line, as 
suggested for non-autoimmune antibodies. The 
results are discussed later.
Table 2 Variation in slope o f  logit j  log transform 
obtained from  a p lo t o f  OD ratio against dilution factor 
for autoimmune and non-autoimmune serum samples
TGHA
titre
Slope o f  logitjlog 
transform
Correlation
coefficient
<10 4-61 0-997
<10 4-74 0-963
<10 3-59 0-993
<10 3-27 0-999
<10 5-82 0-921
>5120 6-00 0-992
160 3-67 0-992
1280 2-94 0-995
Fig. 2 Correlation o f  thyroglobulin autoantibody results 
obtained by TGHA and ELISA.
Inactivation of complement by treatment of serum 
samples at 60°C for 30 min is necessary before per­
forming the haemagglutination assay. This treatment 
is unnecessary for the ELISA procedure. Heat inacti­
vation has been shown to give lower results in an 
ELISA method for thyroglobulin.^^
No significant difference was found between 
results obtained using serum and plasma (with 
heparin or sequestrene as anticoagulant) the auto­
antibody activity in serum maintained at — 20°C 
was unchanged after three months. Repeated freezing 
and thawing, however, resulted in a reduction in the 
optical density ratio, particularly with plasma 
samples.
Throughout this study, results were expressed in 
the form of the optical density ratio as shown pre­
TG HA=thyroglobulin autoantibody haemagglutination.
In order to test the specificity o f the method serum 
samples with negative or very low thyroglobulin 
autoantibody titres by haemagglutination (TGHA) 
and high concentrations of thyroid microsomal auto­
antibody (MCHA), or antinuclear factor (ANA) 
were assayed. The results correlated well with the 
thyroglobulin haemagglutination results and showed 
no increase in OD ratio as a result of the presence of 
the microsomal or antinuclear antibody. The results 
are shown in Table 3.
Discussion
The results obtained in this study suggest that the 
indirect micro-ELISA method is applicable to the 
assay of thyroglobulin directed autoantibodies. As­
sessing the validity of the method is difficult since the 
only established method for detecting and quantify­
ing autoantibodies is haemagglutination, and this 
method suffers from a number of drawbacks, as 
already outlined; it seems possible that the inade-
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Table 3 ELISA results obtained from  serum samples 
containing microsomal or antinuclear autoantibodies
Sample TGHA
titre
M CHA
titre
ANA
titre
ELISA  
OD ratio
1 <10 20' 1-00
2 <10 80' — 0 67
3 10 80' — 2 67
4 <10 < 1 0 ' 80 1-17
5 <10 40' — 1-17
6 40 320' — 5 00
7 10 < 1 0 ' 1280 2-67
8 20 10' 320 3-33
9 20 < 1 0 ' — 2-67
10 <10 40' — 1-00
11 20 < 1 0 ' 160 2-00
12 <10 < 1 0 ' 320 1-00
TGHA =  thyroglobulin autoantibody haemagglutination. 
MCHA =  thyroid microsomal autoantibody.
ANA =  antinuclear factor.
quacies of the haemagglutination method may be 
responsible for some of the anomalies seen in the 
comparison of results of the two methods. In  this 
laboratory, inter-observer variation in reading 
haemagglutination titres have varied by factors as 
high as A— that is, 1 :40 to 1 :160.
The use of a  standard curve, expressed either in 
terms of units of autoantibody activity or in mass 
terms would be useful in this type of assay. Although 
Voiler et al.^^ do not consider the use of such a 
standard curve valid for antibodies to infectious 
diseases, Endo et ald^ use such a m ethod for the 
quantification of thyroid autoantibodies. In our 
study, the validity of the use of such a curve was not 
proven. However, it would seem that the use of a 
standard curve in future assays might be preferential, 
since the method m ost commonly used, the optical 
density ratio, has the inherent implication of a linear 
dose response relation. Felgner^^ has suggested the 
use of the multiple of normal activity (MONA) for 
expressing indirect micro-ELISA results, which takes 
some account of the affinity of binding of the anti­
bodies.
Voiler et a id ’ have recently published a similar 
method to that described here. They, however, con­
cluded that the method is not as sensitive as existing 
methods, particularly haemagglutination.
The term sensitivity describes the ability of the 
system to discriminate between samples with very 
low concentrations of autoantibody and those which 
are negative. To test the sensitivity of the ELISA 
m ethod by comparing it only with haemagglutination 
may be misleading for three reasons :
(i) It is well established that low haemagglutination 
titres (<1 :80) are considered clinically insignificant, 
and serum samples with low titres may often show a 
negative reaction in the indirect immunofluorescence
assay, suggesting that the haemagglutination methods 
may give false-positives.
(ii) Sensitivity is dependent upon the precision of 
the method, and the precision of haemagglutination 
methods is not very good, mainly because of inter- 
and intra-observer variation in end-point identifica­
tion, and also because of dilution errors, particu­
larly when Taketsy loops are used.
(iii) Haemagglutination methods will detect only 
those antibodies with agglutinating properties. In the 
method by Voiler et a l,  it would appear that a sheep 
antibody to all classes of human immunoglobulins 
was used, which may allow the detection of non­
agglutinating autoantibodies, thus giving an apparent 
false high result with a low titre haemagglutination 
result.
Because of these potential difficulties associated 
with the use of haemagglutination as a reference 
method, it may be advisable in future studies to test 
the sensitivity of this type of assay against the 
indirect immunofluorescence method, which is 
extremely sensitive, an established radioassay, and 
also to assess thoroughly the clinical state o f each 
individual. Comparison with haemagglutination 
results, however, should still be carried out.
Endo et ald^ present two methods for the detection 
of thyroglobulin autoantibodies, one similar to this 
method (but using a fluorimetrically detected end­
point), the other using enzyme-labelled thyro­
globulin instead of enzyme-labelled antihuman IgG 
serum. They suggest that the latter method is the 
better in terms of sensitivity, but this method 
requires the preparation of thyroglobulin/enzyme 
conjugate, which is not yet available commercially. 
Additionally the method uses latex rubber-strings as 
the solid phase, and although this gives good binding 
characteristics, it requires careful handling in wash­
ing procedures. In  the microtitre plate method, 
washing is a rapid, easily performed procedure 
which is applied to all wells equally and simul­
taneously.
Methods using microtitre plates may also be auto­
mated to various degrees using microtitre plate 
ELISA washers and readers, or the fully automated 
micro-ELISA processors currently available.
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Technical note
A single reagent radioimm unoassay m ethod for serum thyroxine
R I C H A R D  G O O D B U R N *  A N D  D A V I D  L  W I L L I A M S
From the Department o f  Clinical Biochemistry, Ashford Hospital, London Road, Ashford, Middlesex
Serum thyroxine determinations have been carried 
out in this laboratory using the double antibody 
method of RatcliHe et a / . /  with minor modifications, 
as follows:
20 jjlI standard or sample serum is diluted with 
100 pJ barbitone buffer (pH 8 6, 0 05 m , with
0-1 % BSA). The following are then added 
sequentially and without delay: 200 pi “^^ I-T4 in 
barbitone buffer containing 8-anilino naphthalene 
sulphonic acid (ANS) (1 mg/ml) to block TBG 
binding of T4;
200 pi sheep anti-T4 serum at a dilution previously 
determined by titration;
500 pi donkey anti-sheep IgG with carrier sheep 
serum at dilutions previously optimised by 
titration.
The samples are incubated at 4°C overnight 
(18 hours) and centrifuged at 1500 g for 1 hour: after 
the supernatant has been decanted the precipitate is 
counted.
As there appeared to be no good reason for 
adding reagents sequentially in this way, the 
possibility of performing the assay with pre-mixed 
reagents and only one addition was investigated.
Sufficient of the above reagents were combined 
immediately before the assay in the proportions 
(by volume) buffer 1 part, “^ I-T4/ANS 2 parts, 
sheep anti-T4 serum 2 parts, and donkey anti-sheep 
serum 5 parts. Using a diluter (Hook and Tucker 
Diluter I, Hook and Tucker Instruments Ltd, 
Vulcan Way, New Addington, Croydon), 20 pi 
standard or sample serum was diluted with 1 ml of 
this reagent. The remainder of the assay was 
unchanged from that described above.
A major theoretical objection to this method is 
that non-specific binding may not be routinely 
assessed. However, the non-specific binding level of 
the conventional T4 assay has been relatively 
constant at 1-62 ± 0 - 1 8 %  bound/total, the small 
variations having no effect on the results calculated 
using a log/logit transform.
* Correspondence to Richard Goodburn
Thus the non-specific binding level was fixed at 
1-6% bound/total in the calculation. This is, 
however, periodically checked using a specially 
prepared reagent.
Comparison o f  between-batch precision o f  conventional and 
single reagent thyroxine assays
Control Smglc reagent assay Conventional assay
Low level 5g-6 db 4-3* nmol/1 54-4 ± 1 0 - 0  nmol/1
C V 7-3% CV 18-5%
n — 12 n — 8
Normal level 104-2 ± 3 * 3  nmol/1 103-1 ±  6-1 nmol/1
CV 3-2% C V 6-0%
n — 15 n =  18
High level 177-8 ±  10-6 nmol/1 182-8 ±  10-8 nmol/1
C V 6-0% C V 5-9%
n — 9 n — 8
*Mean ±  SD
300
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Comparison o f  serum thyroxine results obtained with 
conventional and single reagent assays.
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The between-batch precision of the method is 
compared with that of the conventional assay in the 
Table. The accumulated error o f the dilution step in 
the single reagent assay was T 94% , while that of the 
conventional assay (with one diluting and three 
dispensing steps using a Compupet) was 2 19%.
The sensitivity of the assay, as judged by that dose 
which gives a B/Bo value of 90%, is significantly 
better in the single reagent assay (6 8 ±  0 58 nmol/i) 
than in the conventional assay (9 9 ±  T 44  nmol/1; 
p =  0*001). The reason for this increased sensitivity 
is not clear.
A comparison of 66 clinical samples analysed by 
both methods in three separate assays is shown in the 
Figure. The relationship could be fitted by the 
equation y  —■ 1*04%—2*47 where j  =  single reagent 
assay result and % =  conventional assay result. The 
correlation coefficient was 0 * 996.
The results o f this study suggest that the single 
reagent method is suitable for application to the 
double antibody serum thyroxine radioimmunoassay, 
with a considerable saving in operator time and no 
loss in assay performance. The use of pre-mixed 
reagents has now been applied with equal success to 
the assay of serum triiodothyronine, using a similar 
method to that used for thyroxine. This technique
has also been used in the past for the production of 
kit methods, and these have been evaluated,- the 
results being very similar to those in this report.
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A report on the performance of the 
Gilford EIA 50 automated micro-ELISA 
processor
R. Goodburn, D . L. Williams
Department o f Clinical Biochemistry, Ashford Hospital, London Road, Ashford, Middlesex, UK  
and V. Marks
Department o f Biochemistry, University o f Surrey, Guildford, Surrey, UK
Introduction
The enzyme-linked immunosorbent assay (ELISA) technique is 
widely used for the qualitative detection of antigens and 
antibodies [ 1], and results are generally assessed subjectively. 
For the more recently introduced quantitative methods the end­
point is measured colorimetrically or fluorimetrically.
Since the introduction of ELISA methodologies, equipment 
has been produced to cope with most of the pipetting and 
washing procedures. Apparatus is also available for colorimetric 
assessment of the end-point. Most of these pieces of equipment 
will perform only one of these tasks, and in order to automate 
the entire ELISA procedure, three or four pieces of expensive 
equipment were until quite recently necessary.
Gilford Instruments (Corning Medical and Scientific, 
Corning Ltd, Halstead, Essex, UK) have now produced a 
complete ELISA system, the EIA 50. The EIA 50 uses specially 
produced polystyrene cuvettes, which are manufactured in 
ranks of 10, allowing the assay of relatively small batches of 
samples. The ranks of cuvettes fit in batches of five into moulded 
plastic bases, which can be clipped together to allow the 
processing of as many cuvettes as is practicable in the assay. The 
entire ELISA procedure is performed in the cuvettes, and the 
final colour is read through the lower part of the cuvettes, which 
have optically clear walls.
The processor consists of a cuvette transport system, color­
imeter. wash/dry system, dispenser and printer. The various 
functions are microprocessor controlled, allowing eight separate 
procedures to be performed, with a range of reagent volumes, 
wash conditions and cycle times.
It should be mentioned that a diluter is not incorporated into 
the machine. Therefore each serum sample under investigation 
must be diluted either manually, or with a diluter, and then 
added to the appropriate cuvette manually. It is difficult to 
visualize a system which would allow these steps to be auto­
mated. The procedures (programs) selectable by the operator are 
shown in table 1.
The system was evaluated in the authors’ laboratory with 
particular reference to auto-antibody studies [2, 3]. However, 
the evaluation procedures used are not particularly specific to 
this application, and micro-ELISA methods for antibodies to 
infectious diseases are likely to give similar results. Wherever 
applicable, the evaluation was performed according to the 
recommendations of Broughton et n/. [4].
The basic indirect, or sandwich, micro-ELISA procedure 
used by the authors consists of the following steps:
(1) Adsorption of antigen onto the solid phase by incubation 
in coating buffer at 37°G for 2h.
(2) Washing the solid phase to remove antigen not 
adsorbed.
(3) Addition of serum containing antibodies specific for the 
adsorbed antigen, followed by incubation for 2 h a t  37°C.
(4) Washing to remove unabsorbed antibody.
(5) Addition of the anti-Ig/enzyme conjugate with a further 
2 h incubation at 37°C.
(6) Washing, followed by addition of substrate, and after 
colour generation, addition of stop reagent and measure­
ment of absorbance.
Materials
M icro-ELISA materials
Throughout this study goat anti-human immuno-globulins 
(Ig) horse-radish-peroxidase was used as the labelled anti­
body. This was prepared by the two-step glutaraldehyde 
method [5].
Detection of bound peroxidase activity was by means of the 
o-phenylene diamine/hydrogen peroxide reaction.
Buffers
(1) Coating buffer: carbonate/bicarbonate buffer, pH 9 6,
1-59 g N ajC O j, 2 93 g Na H CO 3 made up to 11 with 
distilled water. This buffer was prepared freshly every 
week.
(2) Wash buffer; PBS/Tween/gelatin, pH 7-4, 40 g NaCl,
Table 1. Programs available on the Gilford EIA 50 
ELISA 'processor.
Modes o f operation
Setting Operation
0 (Blank 1) Manual read of wells (Test mode)
0 (Blank 2) Flush; enter diagnostics
1 Aspirate: wash: (N cycles—N  soak s):
(filled): rack
2 Aspirate: wash: (N cycles— N  soak s):
(empty): rack
3 Aspirate: wash: (N cycles— N  soak s):
(empty): dispense: rack _
4 Aspirate: wash: {N cycles— N  soak s):
(empty): dispense: read: rack
5 Dispense: rack
6 Dispense: read: rack
7 Read:rack
8 Fast read 80 s
9 RS232 interface
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Ig  K H 2P O 4, 14 5 g Na^HPO^. I2H 2O 2-5 g gelatine 
and 2-5 ml Tween 20 made up to 51 with distilled water.
(3) Substrate buffer; citrate/phosphate buffer, pH 5 0, 
24-3 ml OT M citric acid, 25-7 ml 0 2 M N a2H P 0 4  made 
up to 11 with distilled water.
Substrate
20 mg o-phenylene diamine was dissolved in 50 mis citrate/ 
phosphate buffer, and 20pi of hydrogen peroxide were added. 
This solution was prepared immediately before use.
Other materials
In studies on the precision of the dispenser, ^^^I-labelled 
thyroxine was used diluted in the buffer appropriate for the 
partieular part of the assay under scrutiny. This compound was 
chosen since it was pertinent to the study for which the 
instrument was being used.
In experiments involving human IgG, serum samples with 
normal concentrations of total proteins and albumin were used.
Method
The following features of the system were investigated; 
Literature; Presentation of equipment; Electrical and mechan­
ical safety; Dispenser; Photometer and filter; Cuvette washing 
system; Cuvettes; General aspeets.
Literature
A fully descriptive operator’s manual is supplied with the 
analyser. The manual gives details of a preventative main­
tenance schedule and has a comprehensive system of safety 
cautions and warnings for the operator.
With the machine used in this investigation, a service manual 
was also supplied which gives more detailed maintenance, 
service and repair information.
The operator’s manual has been necessary for such 
operations as syringe servicing, lamp alignment and photo­
meter calibration. The service manual, although potentially 
useful, is intended for use by trained service personnel, and it 
should be noted that any applicable guarantee may be 
prejudiced by untrained staff undertaking some of the pro­
cedures. However, the service manual does have a section on 
failure analysis which gives considerably more information on 
this topic than does the operator’s manual, and this has been 
found to be useful.
Presentation o f  equipment
The machine which was evaluated was an ex-demonstration 
model which, before delivery, had been fully reconditioned and 
serviced to the standard of a new machine. So it is not possible 
to comment on the presentation and installation of a new 
instrument.
In general, the operations of the machine are easily per­
formed, all programming being carried out by means of four 
sets of thumb-wheels, three push-buttons and two knobs.
In order to load the required program into the memory, the 
appropriate number is selected with a thumb-wheel, and the 
‘start’ button is pressed. The cassette (the plastic base with up to 
five ranks of cuvettes) is then placed in position and the start 
button pressed again to run the program. In some circumstances 
it is difficult to know whether the program has been loaded and
is ready to run, or whether the previous program is still loaded, 
An additional ‘load’ button could overcome this potential 
problem.
Electrical and mechanical safety
The equipment was checked by the authors’ electro-mechanical 
equipment department for electrical safety, and considered 
satisfactory. However, it was often necessary to operate the 
machine with the main cover removed thus creating the 
possibility of accidental spillage into the compartment housing 
the electronic equipment.
The only potential mechanical hazard identified was the 
possibility of fingers becoming trapped between the piston and 
end-stop of the dispenser. This did not actually happen during 
the evaluation.
Dispenser
The dispenser incorporated in the analyser is Gilford 
Instruments’ automatic dispenser fitted with a 1 ml Hamilton 
syringe and remotely controlled by the central microprocessor. 
The required volumes are selected and set from a turret of steel 
rods which, when placed under the syringe plunger, prevents its 
progress beyond a certain point, thus dictating the volume 
dispensed. Small-bore tubing is used to keep dead volumes to a 
minimum, and priming, by means of a toggle switch, is fast.
The precision, accuracy, and general performance, of the 
dispenser were checked as follows:
(1) Precision. This was tested at the 250//I (25% of full 
stroke) and 50 p\ (5% of full stroke) levels. ^^^I-Thyroxine 
was diluted in wash buffer to a concentration which gave 
approximately 30 000 counts/min. at the volume setting 
used. Thirty dispensings were made, using the remote 
control of the microprocessor, but with the dispensed 
liquid being directed into polystyrene test-tubes. The 
precisions at the 250 p\ and 50 pi levels were 126% and 
2 39% respectively (coefficients of variation), after 
correction for counting errors. The manufacturer states 
that the precision at full stroke, using a 2 5 ml syringe, is 
0-05% (CV).
(2) Accuracy. The dispenser syringe and tubing were 
thoroughly cleaned, and primed with deionized water. 
Forty 250 p\ and fifty 50 p\ aliquots were then dispensed 
into two pre-weighed plastic containers. The volumes 
dispensed as measured gravimetrically were 253 p\ and 
51 p\.
(3) General performance. A  recurring problem was en­
countered with the dispenser in the early stages of this 
study. The syringe piston is driven by a servo motor via a 
continuous loop of nylon cord. Occasionally this slipped 
on one of the pulleys preventing the switching of a 
microswitch. When this fault occurred, unless the 
operator was immediately available to dismantle the 
dispenser, the timing sequence for a particular group of 
cuvettes was invariably lost. The fault was remedied by 
tightening the cord and adjusting the switching mechan­
ism. These adjustments were made by a service engineer 
and the problem has not recurred in the two months 
since the work was carried out.
Photometer and filter
The photometer is of the Silicon photo-diode type, with a range 
from 0 to 2 absorbance units.
To check the precision of reading, two cuvettes in one rank 
were used. The enzyme-catalysed reaction was performed and
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stopped when the absorbance had reached approximately 10 . 
The absorbaces were then read using the ‘fast read’ program. 
Ten readings for each cuvette were taken and the mean ±  
standard deviation calculated for each set of readings. The 
results for each cuvette were 1T55 + 00016 (CV 014%) and 
M 53 +  00018 (CV 016%) which were considered to be 
acceptable.
Two interference filters (405 nm and 492 nm) were supplied 
with the machine. In this study, only the 492 nm filter was used; 
this gave a transmission peak at 492 nm with a narrow band 
width. The filters are easily exchangeable on the instrument. A 
tungsten lamp is used and the system is blanked by adjusting the 
current to the lamp. The stability of the photometer system is 
stated by the manufacturer to be less than 1%/h. The authors 
found, after an initial warm-up period of 50 min., that there was 
no instability over a 2 h period at the blank level (i.e. 
absorbance =  0 00).
Cuvette washing system
During the micro-ELISA method, it is necessary to wash the 
cuvettes after each incubation and before the addition of the next 
reagent. It is essential that this washing is efficient.
The cuvettes are washed in ranks of 10. The reagent in the 
cuvettes is aspirated, by vacuum, through metal tubes which 
reach almost to the bottom of each cuvette. 750 p\ of wash buffer 
is then dispensed into each cuvette, and this is aspirated after a 
pre-programmed soak time. A further wash cycle may then 
begin, reagent may be dispensed into the cuvettes, or the cuvettes 
transferred back into the cassette. One to nine wash cycles may 
be carried out with a soak time of 0-99 s for each cycle.
The vacuum pump supplied with the instrument, also a 
refurbished ‘as new’ ex-demonstration unit, broke down after 
four months of reasonably heavy use; it was exchanged by a 
service engineer within 48 h and the replacement unit has given 
satisfactory service for four months.
The precision of the addition of wash buffer was not assessed, 
as the volume (750 pi) dispensed was considered to be more than 
adequate.
The optimum washing conditions used in the micro-ELISA 
methods were established as follows. A typical antibody-antigen 
reaction was carried out by incubating, for 2 h at 37°C, cuvettes 
in which human IgG had been adsorbed, with anti-human 
IgG/peroxidase at the appropriate dilution. Each rank of 10 
cuvettes was then subjected to one of a variety of washing 
procedures, ranging from one to eight washes and a soak time of 
0, 5 or 10 s. Subsequently the enzyme reaction was performed, 
and the absorbance measured. Timing of the enzyme reaction 
was strictly maintained. The results in figure 1 show that six 
washes are satisfactory at all soak times. In these assays a 5s 
soak time was adopted. This washing procedure was found to be 
satisfactory, and there is sufficient spare capacity to enable the 
assumption that wash procedures for other ELISA assays can be 
adequately achieved. Two drawbacks of the wash system were 
noted:
(1) In setting up the machine for an assay, the wash system 
peristaltic pump tubes must initially be placed in 
position and then primed with wash buffer. Positioning 
the pump tubes should be a relatively simple procedure 
but on our machine the moveable block holding the 
tubes in position was occasionally incorrectly positioned 
because of difficulty of access to the block. This may well 
lead to inconsistent wash procedures, with consequent 
loss of precision.
(2) Priming the pump tubes is somewhat cumbersome, 
involving the use of one of the programs, together with a
special button to give continuous operation of the 
peristaltic pump. Wash buffers that contain detergents 
and/or proteins have a tendency to foam, and this 
prevents efficient fast priming of the tubes. Experience 
has shown that extensive priming (up to 2 min.) may be 
necessary, with a consequent loss of a significant volume 
of buffer.
Cuvettes
During the progress of this study, three batches of cuvettes were 
supplied. The first batch used were shown to suffer from an ‘edge’ 
or ‘smile’ effect, which resulted in absorbances from the cuvettes 
at the ends of each rank being considerably higher than those 
from the middle cuvettes. This effect is caused by inconsistent 
inter-cuvette antigen-binding characteristics. The second batch 
of cuvettes were shown to be relatively free from this defect, with 
only occasional marginally raised absorbances on cuvettes 1 and 
10 in a rank. The third batch of cuvettes obtained showed an 
edge effect which, although not as marked as that seen with the 
first batch, has nevertheless caused some problems. The edge 
effects of the three batches of cuvettes are demonstrated in 
figure 2 .
Recently the manufacturer has informed us that a major 
contributing factor to the edge effect is high incubation 
temperatures (for example 37°C). They have suggested that the 
use of room-temperature incubation reduces the effect.
The plastie bases of the cassettes have been modified, by the 
addition of hooks, allowing chaining of the cassettes. This then 
allows continuous processing of large numbers of cuvettes if 
necessary. It should be mentioned, however, that there is an 
inherent drawback to this system. Because of the number of 
washes required for each rank of cuvettes, with a soak time 
generally of 5 or 10 s, it may take up to 10 min. to process each 
cassette of five cuvette ranks. So if the colour reaction is 
particularly rapid it may not be possible to stop the reaction in 
sufficient time to prevent the absorbances becoming too high for 
measurement. Thus it is important either to process small 
enough batches of cuvettes to allow the measurement of the final 
absorbance with a relatively fast enzyme reaction, or to choose 
assay conditions which keep the enzyme reaction slow. 
(Alternatively, the final colour may be diluted for reading.)
In order to keep assay conditions as constant as possible, it is 
advisable to coat as many cuvettes as possible with antigen or 
antibody prior to commencing a given study. This obviously, 
therefore, requires the easy availability of cuvettes in large 
numbers. Unfortunately, experience has shown that the instru­
ment supplier has not been able to supply the cassettes in 
quantities greater than 10 (i.e. 500 cuvettes) at any given time. 
This has led to considerable problems in the studies being 
undertaken, and must be considered to be a serious drawback in 
the use of the equipment, especially since at present there are no 
other suppliers of the cuvettes.
It should also be noted that the cuvettes are disposable, and 
in the authors’ laboratory have not been reusable, even after 
extensive detergent washing.
General aspects 
Cycle time
A cycle time thumb-wheel is provided. This allows accurate 
rank-to-rank timing of all stages in the ELISA procedure; it is 
especially im portant to maintain accurate timing of the enzyme 
reaction throughout the whole batch of samples. The timing of 
each procedure from cuvette to cuvette within each rank is
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Figure 1. Effect of soak time and number of washes on final ELISA absorbance using the Gilford EIA 50 processor. 
The points represent means (together with standard deviations) of results from 10 cuvettes.
automatically maintained by microprocessor control of each 
program.
Carry-over
The only operation in which carry-over is a potential problem 
is washing the cuvettes. However, in the wash mechanism, 
both the wash solution dispensing tube and the aspiration 
tube are washed in each cycle and if more than one wash cycle is 
used no carry-over is evident. All other operations are localized 
in individual cuvettes and no cross-contamination occurs. It is 
important that the dispenser should be thoroughly flushed and 
washed between dispensing each reagent, especially after the 
antibody-enzyme conjugate and before the substrate. OT M HCl 
is generally used to wash the dispenser briefly at this stage.
Overall performance
The Overall performance of the system was compared with 
the classical manual micro-ELISA procedure using microtitre 
plates. Briefly, the procedure used consisted of:
(1) Adsorption of antigen onto either the microtitre plate 
wells or cuvettes.
(2) Washing. In the micro titre plate method this consisted of 
three washes, with a 3 min. soak. The cuvettes were 
washed six times, with a 5s soak.
(3) Addition of serum containing antibodies against the 
particular antigen. In this case, antiserum was diluted to 
10“ ,^ 10“ “^, 10“ ,^ 10“  ^and 10“ ’ and 10cuvettes and 10 
wells were innoculated with each dilution.
(4) F ollowing incubation, the plates and cuvettes were again 
washed as above.
(5) Addition of anti-IgG/peroxidase conjugate at an 
appropriate dilution.
(6) Incubation, followed by washing.
(7) Enzyme reaction. This was controlled in the case of the 
cuvettes by appropriate programming, and in the case of 
the microtitre plates by subjective timing. Absorbances 
in the microtitre plates method were measured in a 
modified Vitatron colorimeter. In the cuvette method the 
absorbances were measured on the EIA 50 using one of 
the programs.
The results of this comparison are shown in figure 3 and 
table 2. It may be seen from the figure that the antigen-binding 
capacity of the cuvettes is better than that of the microtitre plate. 
However, the precision obtained with the microtitre plates is 
slightly better than that of the cuvettes, as shown in the table.
Discussion
The Gilford EIA 50 ELISA processor has been used in the 
authors’ laboratory for studies on thyroid auto-antibodies. The 
machine has proved to be a useful tool for this purpose, showing 
some advantages over the previously used manual system (with 
microtitre plates).
The processor performs automatically and precisely most of 
the time-consuming and technically arduous procedures in the 
micro-ELISA method.
The machine has performed satisfactorily, with the exception 
of the dispenser, which initially caused occasional but serious 
problems. However, by far the most serious drawback of the 
system is the availability and quality of the cuvettes. It is 
unfortunate that the only UK supplier of the cuvettes for use in 
the machine was unable to supply the authors’ requirements for
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a period of two months. Whilst assurances have been given that 
the problem of cuvette supplies have been resolved, there is no 
indication that the cuvette quality will be improved and 
standardized.
In the-study currently being undertaken in this laboratory, it 
is essential that objective, precise and quantitative results should 
be obtained. However, in many ELISA procedures, a subjective 
qualitative or semi-quantitative result only is required. In these 
cases it is unlikely that the expense of automated processing 
equipment of this kind is justifiable. Kits are currently available 
which allow ELISA methods using precalibrated dropper 
bottles for reagent dispensing and sample dilution. In these tests 
the end-point is usually easily identifiable as positive or negative. 
Some gradation between these extremes is usually possible by 
subjective assessment.
Gilford Instruments (Corning Ltd) have produced an instru­
ment which allows almost complete automation of the steps of 
the enzyme-linked immuno-sorbent assay. The advantages of 
one machine performing several procedures at a cost con­
siderably lower than that of several machines performing
0 . 5 -
Batch 3
8 9 102 3 4  5 6  7
Cuvette number
Figure 2. Edge ejfect in three batches o f  cuvettes. The 
graphs shown are typical results obtained w ith ranks o f  
cuvettes from  each batch.
492
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Anti serum d i l u t i o n
Table 2. Comparison o f  precision o f  response obtained in 
E L IS Â  procedure w ith E IA  50 cuvettes and m icrotitre  
plates.
Coefficient of variation (CV%)
Antiserum
dilution Cuvettes Microtitre plate
10"^ 31 1-7
10"^ 23 1-4
10” ^ 38 3-2
10“® 84 6-2
10-' 89 8-8
A
492
1 . 0  -
0 . 8  -
0 . 6  -
0 .4 -
0 . 2  '■
(b)
M i c r o t i t r e  p la t e s
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Figure 3 . Comparison o f  overall performance o f  Gilford E IA  50/cuvette  system  (a) with a manual jm icrotitre p la te system  (b). 
Points represent means {together with standard deviations) o f  results fro m  10 cuvettes or m icrotitre p late wells.
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